AAO030656

FAA-RD-76-76-1l

AIRCRAFT CONFIGURATION NOISE REDUCTION

VOLUME (i
Computer Program User’s Guide and Other Appendices

D6-42848-2
June 1976

FINAL REPORT

Document is available to the public through
. the National Technica! Information Service,
Springfield, Virginia 22151.

d Prepared for

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION
Systems Research & Development Service
Washington, D.C. 20590




- '.-«r‘,aguh;‘*.u«;vw" o

NOTICE

This document ig disseminated under th
the Department of Transportation in
information exchange. The United Sta
assumes no liability for its contents oru

i N e SN IR i e il o o

e sponsorship of
the interest of
tes Government
se thereof.

. <y
TS PRI Aldiseind i
. e e et b T

.

kil AT P AN, < Y

SRl

ATy

-

b,

R . T




e N s

R F s o L. e e o

‘ /‘ ke J ) TECHNICAL REPORT STANDARD TITLE PAGE
TN ; \/I 2. Government Accession No. 3. Recipient's Catalog No.

FEs

B =174 Title and Sybritie ' ‘.fﬂﬁmn-eo«o" , Q '
1T ,AIRCRAFT CONFIGURATION NOISE REDUCTION i June 1976 ‘ 4—//4 .=
b Vi 'Ynl 1L, Computer Program User's Guide and Other , 6. Performing Orgamzanon Code A
o \A/ ndxces, o e
. 71 Authorts) 'D. G./Dunn, D. 3, Cecil, L. M utzel [ i gay#6n Report No.
o d. M,Campbel H Y.Lu/C H. Berman and L. Filler /] Z}PG 42849-2 |
9. Performing Organization Name and Address " 410. Work Unit No. .
Boeing Commercial Airplane Company v’ ‘
P.O. Box 3707 7 —“/W ~ ' 4
Seattle, Washington 98124 ) ’ \/: ' DOT-FA74WA-3497 V g ' ]
.13 Type of Report and Period Covored . ]
12. Sponsoring Agency Name and Address CJ m Final Repart hit ' -
L7 — 4
Federal Aviation Administration —— /éAugmm%;—June 1976)/4') 4
800 Independence Avenue S.W. -
Washington, D.C. 20591 14. Sponsoring Agency Code

15. Supplementary Notes

H. C. True, DOT/FAA Technical Monitor

16. Abstract
This report discusses use of wing and fuselage structures as noise barriers for shielding
aircraft engine noise from the community. The report concerns use of favorable aircraft
configurations for community noise reduction of turbojet and turbofan powered aircraft.
Significant noise reduction potential is illustrated on a hypothetical engine-over-wing
(EOW) configuration using high bypass ratio turbofan engines. Noise shielding
estimation procedures are developed for two types of configuration noise reduction ;
concepts; i.e., the EOW and the engine-over-fuselage (EOF). ~.

Results are described for a theoretical analysis, a major Boeing/Aeritalia test program,
and an empirical analysis of test data. As a result, analytical prediction procedures are
defined, computerized, and added to the software previously developed under NASA
contract NAS2-6969. The shielding prediction procedures consider individual noise
components; inlet fan, compressor, exit fan, core, turbine, and jet noise. A new source,
jet/edge interaction noise, can also be predicted using the procedures. The collective
software, incorporating the shielding package of this report, can be used to estimate
community noise levels of wing and fuselage shielded turbofan or turbojet noise.

EL 5 OOR NE

This report is presented in three volumes. Volume I contains the engineering analysis.
Volume II contains a User’s Guide for computer programs and other appendices. Volume

III contains the complete computer program listing. 3
17 Key Words Scattering 18. Distribution Statement

Noise reduction Community noise Document is available to the public

Noise aup?ressmn Fan noise through the National Technical

Wmﬁ ding Core noise Inf tion Service. Spri 1d

selage shielding Turbine noise nformation Service, Springfield,

Diffraction Jet noise Virginia 22151. 2

Refraction Jet/edge noise i
19. Security Classif. (of this report) 20. Security Classif. (of this page} 21. No. of Pages 22 Price :

Unclassified Unclassified 138 _ , f

Form DOT F 1700.7 (8-69)




e

% 3; TeRE LR Be RN *
z g _ T
': 5 ! - §‘§% ..s g "gi %é :_o
: AR £ LR 1 RN LI £ LN L S
‘! é N 3 § g:g
g 5— :; E cnce W Zasa ST £, - g‘ 388 o 5 gﬁ §—::—B
: i = someo = SeonN - SN = ; Shr-cg- : s, 2 4
i g5 = 2 > £ I8
5 - 3 s
3 E H SNE 3 3 9:’-
P ee §ss§ 8 13 - T
I P B 1 R R | A T
24 st HE b g | oy
L3 | i
" g EScck B2 - o -6 » "
S
g 6z |IT 1z oT ]5[ 81 L 91 st " 111 kAl 11 ol 6 [ ] L 9 S 1 € z 1 ws
: lIH‘HHllll\ll(lllllllll\ll
&8O O
W
> JUUHUUEUEU UL DU NUHL UUUUUUTUUUHOuUUY Hp UUUHUUdUugun U UUUU UUUL
§ I|||||| l||||||||||ll|| ||||||||l||ll'll‘l'llllllllll‘lrl |‘|’||'|‘||| |'|'|I
o
‘;. E 9 [] 7 6 5 4 3 3 1 inches
w
v. = “
3 §6cs et 2 o2- EEE--- - e g >
:l g‘.g £ :;
TWEERi1L i i L |
| : 2 TP I R PR 1 N L B Nk
1 P sil BB OB smnng | -‘
1' : N i8
* g iz 14
- 4 ='T K] +O I3
| s ] nBaes g’ 2, W 158ege wl & is
. 2 ; igo - X icsno gos g angeoeneog = e
3 = | - 3l 5| 338 |:;
$ - : > s s;
2 b -] iy ‘ i
. § i 2 g . i3 f ;
il S L I ; LT | 3
2 ST T L U T E; L
n < } : L
‘ £y ; !
2 i | S
a 38 j‘-‘
. i fr2i ERR Y ¥e edd, s 8} . 0% ‘




I MR i s e s g s e b et s M T

L 0

LR ATRTTR T

PREFACE

- e el A e s

| This is one of three volumes of the final report on “Aircraft Configuration Noise
Reduction” submitted by the Boeing Commercial Airplane Company, Seattle,
Washington, 98124, in fulfillment of Department of Transportation contract
DOT-FAT4WA-3497, dated 1 August 1974. This work was completed for the ATC
Airport Facilities section of the Federal Aviation Administration (DOT). Mr. H. C. Ttue
was the Contract Technical Monitor.

The report is divided into three volumes for easy use as shown below:

R & . ST

Vol. il

computer
program ® FORTRAN
source source code WA

listing

] A-'Computer program user’s guide ~ \
e B-Flight effects test plan R

eC...H

Vol. Il
computer
program

user's guide

and other

engmeenng
analysis

e Theory
® Test review and data analysis
® Estimation procedure

® Conclusions and recommendations

1 ;

This report is volume M of the series and was prepared jointly by the Noise Technology 2
Staff of the Boeing Commercial Airplane Company and the Noise Systems Group of : :_

Boeing Computer Servmes Inc This volume contalfs/

. s‘/I'he user’s guxde for the computer software of, the * ﬁlrcraft Configuration Noise 3
Reduction™ study 9
. < S by
o LA preliminary test plan for assessing forward velocity effects on wing and fuselage A

shielding. . , y__)

o Warious curves, derivations, and background theory in support of material
presented in volume 1.
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APPENDIX A

FAA-AIRCRAFT NOISE SOURCE COMPUTER PROGRAM
USER’S GUIDE '

D. G. Dunn, D. J. Cecil, and L. M. Butzel

1.0 SUMMARY

i This appendix is intended to serve as a user’s guide to the integrated system of

' computer programs developed in accordance with the requirements of contract
DOT-FA74WA-3497. The computer software for the estimation procedures of flyover

noise time histories developed under contract NAS2-6969 has been used where

compatible, thus, retaining the consistency in the input description found in

NASA CR114650, “Aircraft Noise Source and Contour Computer Programs User’s .. 3
Guide.” Moreover, since the computer program is an extension of the program developed
under contract NAS2-6969, this appendix may be considered as an updated version of
sections 1.0, 2.0, and 3.0 of NASA CR114650, structured within the requirements of
contract DOT-FA74WA-3497. For convenient use the additions necessary to incorporate
the effects associated with the shielding of noise sources near a wing surface are
indicated.

Illustrations provided in the form of macro flow charts show the computer software

developed under DOT-FA74WA-3497 and its linkage to that of contract NAS2-6969. i
Sample cases of input data are included with a limited sample output to assist the user r L
in the use of the program. The programs are stored on magnetic tape and are written in ,.
FORTRAN 1V for the FTN compiler to run on a CDC or CYBER computer, coperating '
under the KRONOS 2.1 operating system.
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2.0 INTRODUCTION

The computer program developed under contract DOT-FAT4WA-3497 simulates a
procedure based on theoretical and empirical acoustical models for the estimation of the
installation effects on the radiated far field flyover noise emitted from a full scale jet
engine. Thus, the program can be used to evaluate the total noise reduction due to the
installation of a noise component source (inlet fan, exit fan, core, turbine, or jet) in the
proximity of a noise shielding surface.

The principle considerations of storage, input and output incorporated in the design of
the original noise estimation program developed under contract NAS2-6969 have been
affected by the new additional computer software developed for the present contract as
follows. :

1. The program structure has remaired a two level overlay with the primary level
controlling the reading in of all the input, printout of all the output, and linkage to
the secondary level. The secondary level includes in addition to the subroutines for
flight geometry calculations, extrapolation corrections, and noise component
prediction, new packages for computing the sound attenuation due to wing
shielding of jet and turbomachinery noise sources. The resultant increase in
program size from NAS2-6969 is approximately 15%.

2. The NAMELIST statement is also used for the additional input data; i.e., the
engine wing geometry data, the noise component shielding parameters, jet edge
interaction data and jet noise shielding data. The characteristics of NAMELIST
provide the convenience of updating the data set from case to following case by
simply specifying only the single or array variables that need be changed.

3. Output is printed per case (a case is all data for a maximum of three :ngine
configurations per aircraft) with options on the type of output information desired.
The format and details of the output are identical to that of NAS2-6969 with the
addition of engine/wing geometry data per configuration, wing shielding data and
predicted corrections for shielding in each noise component.

The general procedural steps for processing data in the estimation of noise including
installation effects are largely a function of the order of noise component inputs which
are dependent on the engine (source) configurations for a set of aircraft conditions (i.e.,
a case).

These aircraft conditions together with information pertinent to the current case
(described under general data parameters) are the first set of data input to the program
for a case. The primary of executive overlay initiates the flight path/observer geometry
and extrapolation corrections overlay, to calculate the aircraft coordinates, the sound
propagation distance and, the sound transmission time for each observer position for the
17 angles (109, 20°,...170° between the flight path and a line to the observer.
Extrapolation correctinns including sound attenuation due to spherical divergence,
atmospheric absorprion, extra-ground attenuation, and ground reflection are
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accumulated in an array (array size = number of spectra bands times 17 aircraft
positions times the number of observer positions) used for extrapolating the index
spectra of each noise component and the total index spectra.

If shielding is indicated in the general data parameters for the particular engine
configuration, then the engine/wing geometry data for that configuration must be input
for use in the engine/edge geometry of the wing shielding package.

From hereon, until the next case, there could be up to three engine configurations
where the inputs for each configuration relate to the particular noise components
making up the configuration. Data for each configuration consist of a title card folled by
data for each selected noise component, followed by wing shielding data for the noise
component if shielding is indicated for the particular noise component. If more than one
case is to be input, then it is mandatory that the order and number of noise components
in each engine configuration be maintained for all cases. After each noise component
data and associated shielding data is read in, the executive module links the
corresponding overlay.

For engine-over-wing (EOW) configured aircraft, the noise scurce components of
relevance are primary and secondary jet, core, turbine, and inlet and exit fan.
Considering these noise sources, computation modules are provided to execute with

some variations the following sequential computation steps.

a. Calculation of the directivity angles, the projected directivity angles and the
projected elevation angles for each sideline observer position and noise component

b.  Calculate lining attenuation spectra if applicable

c.  Calculate noise prediction spectra without effects of shielding
d. Compute free-field index spectra

e. Include multiengine effects

f.  Convert spectra to full octave, if applicable

g. Calculate attenuation due to shielding

h. Sum configuration effects, attenuation due to shielding, and subtract the results
from the bare-engine index spectra

i.  Compute total free-field noise spectra

j- Subtract extrapolation corrections from free-field index spectra

k. Compute human response measures; i.e., perceived noise level (PNL), tone
corrected PNL, and effective PNL

Lo

NIRRT Sy 201 B oy

»

S L

=t




0 6 inio DI Sl iR

it

4 .
3 1. Save the index and observed sound spectra on scratch data files

palp

After all noise components for all the configurations in a case have been processed, the
total free-field index spectra are extrapolated and the human response measures are
calculated based on the total extrapolated spectra. Depending on input specifications for
the output reports desired, information on the scratch data files is printed. The program
will continue to process input data until there are no more cases; i.e., the program
terminates execution whenever an end-of-record, end-of-file, or end-of-information code
is encountered on the input file.
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3.0 INTERFACE WITH NAS2-6969 CONTRACT SOFTWARE

The interface of the original NAS2-6969 contract computer software with the new
software developed for contract DOT-FA72WA-3497 has resulted in minor modifications
of the original software. These modifications are mainly, but not exclusively limited to
the noise source component modules effected by shielding and. the executive routine.
The interface is structured so that all references to wing shielding can be completely
excluded, thus retaining the external operational characteristics of the NAS2-6969
contract software.! Figures A-1 and A-2 (similar to fig. 1 and 3 of NASA-CR-114650)
illustrate the overall structure of the noise prediction ‘program including interface,
additional input and output, and noise source component modules influenced by wing
shielding. Figure A3 is a macro flow chart of the subroutine SHLDSP, which interfaces
NAS2-6969 software with the evaluation of turbomachinery noise shielding effects. That
is, noise source prediction modules INLET FAN, EXIT FAN, CORE, and TURBINE are
linked with the wing shielding module SHATTN, through the routine SHLDSP which
returns shielded SPL spectra at flight index conditions for each of ** ¢ turbomachinery
noise component estimation modules. The total programming add::1on to NAS2-6969
generates an increage in program field length of approximately 15%-

Jet noise shielding modules for the primary and primary plus secondary jet noise
sources are made up of the subroutines JNSA and JNSASP. The shielding noise
attenuation is returned to the jet noise source prediction module, JET (fig. A-4).

3.1 WING SHIELDING PACKAGE*

The wing shielding package may be considered a system of computer programs designed
to simulate a method of quantitatively estimating the flyover noise reductions
attainable from engine placement in the proximity of wing structures which provide
shielding. The package of computer programs to predict shielded noise is common to
engine component noise sources fan (inlet and exit). core, and turbine, (see fig. A-2 and
A-5). The jet noise source component (primary and secondary) is treated separately with
its own special shielding programs (see fig. A-2 and A-6).

3.2 CALCULATION SEQUENCE

Figure A-5 is an outline of the subtasks that contain the sequence of calculations to
determine wing shielding attenuation. The module SHATTN and its externals are
common to noise source componentis turbine, core, inlet and exit fan. The module
linking SHATTN to the noise components of NAS2-6969 is the interface routine
SHLDSP as shown in figure A-3. The calculation sequence for determining jet notise

shielding is shown in figure A-6; the linkage to the noise component through JNSA is
shown in figure A-4.

INew additions to contract NAS2-6969 software due to FAA contract DOT-FA74WA-34497 such as

subroutines, data or data sets are indicated with an ¥ and software with only pertinent
maodifications is indicated with an **
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BLKDATA

Preset variables in noise components with
default options

INITL .
Ensure correct initialization before each -
data case 3
: INPUTG **
i Read general data parameters ($GDATA)
x
CONVR '
! Convert $GDATA to English units
calc: Doppler shift factor and band levels [
E
|
:1
calc: Fiight path geometry coordinates and .

angles for noise extrapolation

o e

Write report of flight path observer geometry

Lol s mdon i e

Figure A-1.—Macro Flow Chart of The Executive Routine—
Showing Integration of Noise Components
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calc: Corrections for spherical divergence,
atmospheric absorption, extra ground attenua-
tion, ground reflection

EWGIO*
If shielding is requested for the configuration
read engine/wing geometry data ($EWDATA)

[RCERPLNIRY "N ' WP T

<4

NINPUT**

Retrieve current noise component parameters,
read and update noise component parameters .
($NOISIN)and convert to english units if needed ’

St R i

EWGOUT* .
If shielding is requested write engine/wing ’
geometry for the configuration

NSRIO*

If shielding is requested read in noise com- ;
ponent shielding parameters ($SHLDAT) retrieve {
and update '

\

Figure A-1.—(Continued)
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Test noise component type and branch to specified noise
component.

ITYPE=1 ITYPE=8
Primary,jet** Lift fan
ITYPE=2 ITYPE=9
Prim.& sec jet** Ejector suppressor
ITYPE=3 ITYPE=10
Core & turbine* Propeller
ITYPE=4 ITYPE=1
Inlet fan** Helicopter
ITYPE=5 ITYPE=12
Exit(aft)fan** Measured data
ITYPE=6 ITYPE=13
Augmentor wing Jet edge *
ITYPE=7
Blown flap ]
Transfer to calculate
NeEXt noise coﬁﬁbﬁ@ﬁf““"{ E>

PNLSUB
calc: Perceived noise level, effective perceived
noise level, tone corrections from total

predicted noise

NOISQ**
print: observed spectra for total noise of all

components and all report types requested

Transfer to do next
case ‘{E:>

< STOP >

Figure A-1.~(Concluded)
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FL? = 0B to 1051368

OVERLAY 0 (Main Overlay Program TEE330A**)

Purpose: Routines called:
o Initialization ABSORP ANGLES CONVR CORSPL** EPNLI :
ERROR EWG10* EWGOUT*  FAAISO INITL .
o Input/Output INPUTG** LININS NINPUT*= NQISO**  NSRIO*
PNDB4 PNLSUB PRINTH PRTSH1* SN i
o S.I. or English SEARCH T8LU1 T8LU2 TERP1 TERP2
unit conversion TONCOR TONES3 WRPNL WSDSTO*  XPMIDX

o Calls Overlays
1,2, ... or 6

FL? = 1051378 to 1127568

s il

OVERLAY 1 (Secondary Overlay Program ONE)

Purpose: Routines called:
o Subroutine FLTGEQ solves ATMOSP ERROR SORTX TBLUL

flight geometry and determines
atmospheric properties.

0 Subroutine NEXTCR calculates AVGALF ABSORP EGACAL GRORFX
spherical divergence attenua-  ATMOSP CPOLAR DPSD FW
tion, atmospheric absorption, TBLU1L
extra ground attenuation, and
ground reflection interference
corrections.

FL? = 1051378 to 1410248

OVERLAY 2 (Secondary Qverlay Program TWO*+)

Purpose: Routines calledb: .
.,
0 Subroutine AFT** calculates BUZSAW CFI* CPOLAR EDGEDI*-
exit fan noise component EEGEOM*  EOGEOM*  ESHLDG FANNOS F

FANPED REFRACT* RESCAL spseiLp+
0 Subroutine INLET** calculates| SHATTN*  SHELL SHELXH SHLDSP*

inlet noise component | UNIFLW*  UNIT VECN* DoTP*
CROSP*  WSHOUT*  ZERO
{ o Subroutine JET** calculates ESHLDG  JETNOS JETPED  JNSA*
Jet noise component JNSASP*  TBLU2 TBLU3 TERP2
_ TERP3 UNIT ZERO

a) Field length (FL} noted includes system routines.

D e b L R . & S b gl

; b) All nofse source component modules also call the following routines §
1 Tn addition to those noted in the blocks: ANGLES, CORSPL, LGMTRY, 2
i i LINCOR, LINING, LININS, NOISO, PNLSUB, PWRSUM, SEARCH, SORTX, TBLU1, é
; and TERP1. i

* New routine for this contract. '
Existing routine (Contract NAS 2-6969) modified for this contract.

Y N
»
»

Figure A-2.—General Overlay Structure
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propeller noise component.

3

3 : FL® = 1051378 to 1240748
'] OVERLAY 3 (Secondary Overlay Program THREE**)

i Purpose: Routines called®:

0 Subroutine COREN** calculates CFI* CPOLAR EDGEDI*  EEGEOM*
core and turbine noise EOGEOM*  ESHLDG REFRACT* SDSPLP*
tomponents. : SHATTN*  SHELL SHELXH  SHLDSP*

UNIFLW*  VECN* DOTP* CROSP*
‘ WSHOUT*
ﬁ 0 Subroutine EJECT calculates ESHLDG MENOZZ TBLU2 TERP2
‘ jet noise component for an ZERO :
ejector/multi-element suppres-
sor.

o Subroutine SPECAN calculates TBLU2 TERP2

jet noise component for an

3 augmentor wing/slot nozzle.

N

3 FL® = 1051378 to 1157078

OVERLAY 4 (Secondary Overlay Program FOUR) .

;3 . Purpase: Routines calledb:

§ o Subroutine COPTR calculates  BESJ ERROR  JBES

E A helicopter or tilt rotor

: { noise component.

A o Subroutine LIFTFN calculates BUZSAW ESHLDG FANNOS FANPED
1ift fan noise component. RESCAL UNIT ZERO

o Subroutine PROP calculates ERROR

FL® = 1051378 to 1351238

OVERLAY 5 (Secondary Overlay Program FIVE)

Purpose:

Routines ca]ledb:

— e e —— -

0o Subroutine MEASRD interpolates TBLU3 TERP3 TERP2
on tabular input of measured
nojse data.
¢ . FL® = 1051378 to 1136438
| OVERLAY 6 (Secondary Overlay Program SIX*) v;
I Purpose: Routines called®: 2
{ o Subroutine BLWFLP calculates ESHLDG TBLU3 TBLU2 TERP3
2 externally blown flap noise TERP2
4 component., :
0 Subroutine JEINT* calculates ZERO

jet/edge interaction noise for

engine-over-wing configurations,

Figure A-2.—(Concluded)
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1

ENTER ROUTINE SHLDSP FOR EACH
OBSERVER POSITION

N

AT FLIGHT/INDEX CONDITIONS FOR EACH DOPPLER

SHIFTED FREQUENCY AND FLIGHT PATH POSITION
AlD A MATRIX OF CURRENT CONFIGURATION

CORRECTIONS AT FLIGHT CONDITIONS

(:: INPUT MATRIX OF UNSHIELDED SPECTRA

CALCULATE BARE ENGINE BASELINE
SPECTRA AT FLIGHT/INDEX CONDITIONS

DETERMINE DIRECTIVITY CURVE TO USE,
IF PREDICTED VALUES TO BE USED REMOVE
DOPPLER EFFECTS

ENTER WING SHIELDING CALCULATION
MODULE SHATTN AND RETURN WITH
SHIELDING ATTENUATION

DOPPLER SHIFT THE SHIELDING
ATTENUATION AND ADD TO
CONFIGURATION CORRECTION

ADD TOTAL SHIELDING EFFECTS TO
BARE ENGINE SPECTRA AT FLIGHT
INDEX CONDITIONS

RETURN

Figure A-3.—Routine SHLDSP to Interface NAS2-6969* With Wing
Shielding Calculation Module (SHATTN)
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CALL ANGLES TO CALCULATE THE 17
DIRECTIVITY AND 17 ELEVATION ANGLES
FOR EACH OBSERVER POSITION

[7 LOOP FOR THE NUMBER OF OBSERVER POSITIONS ]

CALL LINCOR TO STORE CONFIGURATION CORRECTIONS

CALL JETNOS TO DETERMINE THE
PREDICTED PRIMARY JET NOISE SPECTRUM
THE PREDICTED BULK -FLOW JET NOISE SPEC-

RUM THE SUM OF THE PRIMARY AND SECONDARY

CONVERT THE SPECTRA DETERMINED TO
A UNIT OR INDEXED SPECTRA INCLUDING
MULTI-ENGINE EFFECTS

CALL JNSA TO DETERMINE THE JET NOISE
SHIELDING ATTENUATION FOR PRIMARY JET
OR PRIMARY PLUS SECONDARY JET

P S S

ADD SHIELOING ATTENUATION TO CONFIGUR-
ATION CORRECTIONS AND DETERMINE
SHIELDED SPECTRA

-

SUM SPECTRA WITH CURRENT TOTALS

CALL NOISO TO WRITE FREE FIELD

NOISE AND PREDICTED CONFIGURATIONS REPORT

!

CALL PNLSUB TO CALCULATE PNL AND
EPNL VALUES

T

CALL NOISO TO WRITE EXTRAPOLATED NOISE REPORT

Figure A-4.—~Jet Noise Component Logic Flow of Jet
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INPUT
¥
[ EDGE LooP |
¥
EEGEQM
[ “xoop ]

[ FLIGHT pATH LOOP ]
¥

EOGEOM

3

REFRACT

19

UNTFLW

!

L

FREQUENCY LOOP
¥

EDGEDI
1}

SUMMATION

¥

L

1

END OF LOQPS
i

SDSPLP
¥

OuTPUT

RETURN

ENGINE/EDGE GEOMETRY

OBSERVER SIDELINE DISTANCE

EDGE/OBSERVER GEOMETRY

JET FLOW REFRACTION EFFECTS

UNIFORM FLOW EFFECTS

EDGE OIFFRACTION

SUPERPOSITION OF EDGE SOLUTIONS

COMPUTE SHIELDING ATTENUATION

Figure A-5.—Calculation Sequence in Wing Shielding Module SHATTN*
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CAL: CONSTANT OF REFERENCE CORRELATION TERM FOR PRIMARY
JET CASE

SUBR. JNSASP TO CALCULATE JET NOISE SHIELDING
ATTENUATION (PRIMARY JET)

SHIELDED JET NOISE SPECTRA = UNSHIELDED PRIMARY JET NOISE
- JET NOISE SHIELDING (PRIMARY) ATTENUATION

IF PRIMARY PLUS SECONDARY JET CASE

‘ RETURN >

CALC: CONSTANT OF REFERENCE CORRELATION TERM FOR
SECONDARY JET CASE

SUBR. JNSASP TO CALCULATE JET NOISE SHIELDING
ATTENUATION (SECONDARY JET)

SHIELDED JET NOISE SPECTRA = UNSHIELDED SECONDARY JET
NOISE - JET NOISE SHIELDING (SECONDARY) ATTENUATION

JET NOISE SHIELDING ATTENUATION = UNSHIELDED SPECTRWM
~ SUMMED SHIELDED SPECTRUM

<3

— e s

( RETURN )

Figure A-6.—Calculation Sequence Jet Noise Shielding (JNSA) * {
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3.2.1 EXIT FAN, CORE, AND TURBINE NOISE COMPONENT

Figure A-7 shows the general logic flow of th= calculations for the noise components;
exit fan (AFT), turbine and core (COREN). When the effect of shielding is to be
included, noise components core and turbine must be run separately due to the unique
noise component wing shielding data for each component.

3.2.2 INLET FAN OR COMPRESSOR NOISE COMPONENT

Figure A-7 shows the general logic of the calculations for the noise component inlet fan
or compressor (INLET). The programming steps are similar to the discharge
turbomachinery noise components, except when shielding is included there are no jet
flow refraction effects, thus reducing the input requirements for wing shielding data for
the inlet fan noise component.

3.23 JET NOISE COMPONENT

The procedure to predict the jet noise shielding attenuations for an EOW configuration
is unique to the noise components primary and primary plus secondary jet, and is
therefore, treated separately from noise components inlet fan, aft fan, core,and turbine.
The attenuations are to be subtracted from the predicted unshielded jet noise spectra
assumed to be at index conditions. Figure A-4, given previously, shows the logic for
subroutine JET with the additional subroutine (JNSA) necessary for jet noise shielding.

3.2.4 JET/EDGE INTERACTION NOISE COMPONENT"*

The jet/edge interaction noise component is a new noise source that must be considered
in evaluating an EOW aircraft configuration. This noise is caused by the interaction of
the jet exhaust with the wing’s trailing edge. A computer module has been added to the
NAS2-6969 contract software for estimation of this type (ITYPE = 13} of noise.
Figure A-8 shows the computation steps for calculations done by this new noise source
estimation module.

The jet/edge interaction noise source module is linked to the main program in a manner
similar to that used for the other noise source estimation modules available from the
NAS2-6969 contract. Therefore, the input scheme for this noise component uses the
same NAMELIST name; i.e., $NOISIN, as used for the data sets of the other noise
components.
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CALL ANGLES TO CALCULATE 17
DIRECTIVITY AND 17 ELEVATION
ANGLES FOR EACH OBSERVER POSITION

CALL WSHOUT TO PRINT NOISE
COMPONENT WING SHIELDING DATA
LF SHIELDING SPECIFIED

1

|

LOOP FOR THE NUMBER OF OBSERVER
POSITIONS

CALL LINCOR TO CALCULATE LINING
AND CONFIGURATION CORRECTIONS

CALCULATE THE NOISE PREDICTION
FOR THE SQURCE COMPONENT

CALCULATE THE FREE FIELD INDEX

SPECTRA. INCLUDING MULTI-ENGINE
ELFECTS

CALL SHLDSP TO FIND SHIELDING
ATTENUATION AND CALCULATE SHIELDED
SPECTRA

SUM CURRENT CALCULATED SPL WITH TOTALS

T

CALL NOISO TO WRITE FREE FIELD NOISE
AND PREDICTED CONFIGURATIONS REPORT

L CALL PNLSUB TO CALCUL;\TE PNL AND EPNL VAL urq]

CALL NOISO TO WRITE EXTRAPOLATED NOISE REPORT ]

Figure A-7.—General Logic Flow of Noise Components—Aft Fan, Core,
and Turbine, and Inlet Fan
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CALCULATE CHARACTERISTIC FREQUENCY

ch adioala e o A

CALCULATE CHARACTERISTIC REFERENCE SQUND LEVEL

CALL ANGLES TO CALCULATE 17 DIRECTIVITY ANGLES

| ITERATE FOR EACH OBSERVER POSITION B 4

1 [ DETERMINE DIRECTIVITY CORRECTION | 1
| | - .
‘ . [ DETERMINE SPECTRA SHAPE CORRECTION | :

- SUM CORRECTIONS WITH CHARACTERISTIC SOQUND
: REFERENCE LEVEL

CALCULATE TOTAL PREDICTED NOISE

CALL NOISO TO WRITE FREE FIELD NOISE AND
PREDICTED CONFIGURATIONS REPORT

e ——

! 3
} [ CALL PNLZUB TO CALCULATE PNL AND EPNL VALUES ] K
h CALL NOISO TO WRITE EXTRAPOLATED NOISE REPORT 4] %
| 3
|

: j Figure A-8.—Jet Edge Interaction Noise Component Logic Flow™
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4.0 INPUT DATA

In order to facilitate the use of this program, many of the data inputs have prestored
default values in the program and are defined in the appropriate parameter description
section. An examination of the following sections will indicate the necessary input data
needed for the various options built into the program; e.g., establishing different
atmospheric conditions; using calculated ground reflection corrections or a 3-dB default
value; using measured data to define a noise configuration instead of that obtained by a
prediction method; specifying whether shielding is to be included for a particular
configuration. The data input procedure is fully described in the sections following and
includes in addition to data for shielding all the input as documented in NASA
CR-114650. Table A-1 presents a cross reference of the engineering and programming
documents by noise type and section number.

The program processes one or more cases of data in a single run. A case consists of from

one to three different types of propulsion systems or configurations. The data for each

configuration are described in terms of a subset of noise components. The order of input

for each case is fixed after the first case. Inputs which remain constant throughout the .
run, need not be redefined for succeeding cases.

! The first input per case consists of an 80 column alphanumeric title record which will
‘ be output as part of the heading describing the case. If the same heading is desired
- throughout the run, only blank records need be entered in succeeding cases. The title
’ record i1s followed by data cards describing the general conditions which apply
throughout the case. These cards are coded in a FORTRAN NAMELIST format. The
1 NAMELIST format requires that the first records start in column 2 with an initiator
3 i name $GDATA on General Data Parameters. The order of the parameters is
; . independent but must have the variable name, followed by an equals mark, followed by ~
= the assigned value. The parameters must be separated by commas; blanks are ignored.
Any succeeding cards must start in or after column 2 and may go though to column 80.
A terminator $ must follow the iast parameter in each data set.

A variable name can be followed by a single value, or a series of values in the case of
variables which require an array of data. The general input format is as follows:

Variables Having Single Values

| Example: integer type decimal type
k ' NENG =3 SLOPE = .25
£ ) 4
: Variables Which Have Multiple Values
Example: Filling the complete array for a 10 element
array

SLDIST(1) or SLDIST = 100., 200., 150.. 175., 500., 750., 1000.,
1200.. 1500., 2000.,
Filling part of the array X
SLDIST(3) = 200., 400., X
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Example ot NAMELIST GDATA:
$GDATA ALTOG=100., ALTPG=200.. SLOPE=.1, AMACH=.15, NOBS=2,
SLDIST(1'=100., 500., ISPTRM=1. NTENG=2, INSEOW(1)=1.1.18§

Sample cases with input data are presented in this appendix A, sections 5.1 and 5.2.

If shielding is specified in $GDATA, then engine ' wing geometry data SEWDATA must
be input as the next data set for the particular configuration. As the geometrical
relationship for the wing and each propulsion system may vary, the SEWDATA data set
is input for each configuration.

Following the $3GDATA data set or when shielding is specified the SEWDATA data set
is an 80 column alphanumeric title record describing the first noise source
configuration. Separate data sets using the NAMELIST initiator $NOISIN describe each
noise component in a configuration. If more than one configuration is to be included. the
preceeding type of input is included for each additional configuration starting with the
title record and ending with the SNAMELIST terminator for the last noise component
in the $NOISIN data set. As mentioned previously, there is a maximum of three
different types of powerplants per run; therefore a case may be processed having
different engine configurations using any or all of the 13 different noise modules
depending on the nature of the particular configuration. Reference to the engineering
analysis 18 itemized in the engineering programming cross reference shown in table A-1.
Each noise component data set is described in the following sections. A special input
variable terminator is not required to end the run since an end-of-record check is
repeatedly made on the input data file at the end of each case.

If shielding 1s considered and the noise component 1s effected by shielding. thea the
$NOISIN data setas followed by $SHLDAT data set describing the shielding data.

When using the program tor multiple nomse source configurations. an input value for
NTENG 2. 0or 3 s required an the 3GDATA set When more than one type of noise
component is used in a configuration an taput NTYPE m where m s the total nose
components for the configuration i~ needed n the first INOISIN data set for that
configuration The se tion covernig the sample case sectioa ~should assist an clarifving
the inpu’ data

The program allows the dcer 0 spev, v et o s svtemis for input output
variables The noit «vster o naiteret g0 e = liee o0 nal S 1 and Bnghish
svstem  The aser noasr e a0 e e ede o e Lt awsteni hocause
once he has spectiedg a2 e et S T “5 .= e tae o that system
Fhe anput caroar . o etaylt option
COPTesporats 0t >

11 GENFRAI 1A A P ARAME HF K~ AT VNP L DAL SETD

'l‘hlh ses oy e - b

[ELEN TREY § P PRI

a4 bargn
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a1 e ting
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defined by input or by the default value(s). In order to facilitate finding the description
of a parameter, the list(s) of inputs within each of the following sections have been i
aiphabetized with respect to the names of the variables.

Variable Units Default Description ;
Name 4
AALT M(ft) 0. Airport altitude. 4
2 ALTPG m(ft) 0. Aircraft height above ground at Y = 0 '
3 (fig. 6 of NASA CR-114649). i
ALTOG m(ft) 0. Observer height above the ground. ]
AMACH Aircraft Mach number., :
BCG PNdB 10. Number of perceived noise decibels 3

aadid:

down from maximum, used to determine
‘ the integration interval for the
EPNL calculations.

CPRES Atm(psia) Pressure of homogeneous atmosphere
» defined by user. (Note: Used only T
e | if IATMOS = 4) '

CRHUMD %RH Relative humidity of homogeneous ) k
atmosphere defined by user. (Note:
¥ Used only if IATMOS = 4))

! CTEMP K(°R) Temperature of homogeneous atmosphere
defined by user. (Note: Used only
if IATMOS = 4)

b DHUMID %RH 0. Constant percent relative humidity delta
- that is added to ISA. (Note: Used

| only if IATMOS = 1.)

DPRES Atm(psia) 0. Constant pressure delta that is

k. added to ISA. (Note: Used only if

’ IATMOS = 1)

- DTEMP K(°R) 0. Constant temperature delta that is
. , added to ISA. (Note: used only
: if IATMOS = 1)

! EPP 0. Engine performance parameter used

l| to correlate data output for the

/ Noise Contour Program or to specify

‘ N operating condition when using the

l "measured data” module. ; 1

FLD(1) Hz Data frequencies for the ground

c . impedance data curve used in the

FLD(25) Hz ground reflection calculation. The
number of values to be specified is
ND. (Note: Used only if IGDR = 0.)

. kg WRD £ ® Ak N e
oy
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Variable Units Default Description
Name

FLR PNdB .90. Noise floor for EPNL calculations.
: Values less than FLR are not included
when computing the duration for EPNL.

IAIR 0 Specifies whether the air absorption

coefficients are calculated by the E
program or defined by the user. Set ‘
equal to: )

0 if program calculates

1 if user defines (see UAIRAB)
—1 if program retains coefficients

from previous case

IATMOS 0 Specifies the type of atmospheric
conditions used by program. Set

equal to:

0 for nonhomogeneous international
standard atmosphere (ISA)

1 for nonhomogeneous ISA plus user
defined constants for relative
humidity, pressure, and
temperature added to ISA. (Note:
See DHUMID, DPRES, DTEMP.

2 for nonhomogeneous atmospheric
conditions that are defined by
the user. (Note: See NTEMP,

TALT, TEMP, NPRES, PALT, PRES.
NHUMID. RALT. RHUMID.

3 homogeneous atmosphere of 1
ATM = 14696 psia; 288.16 K
{15° C) = 518.688" R (59" F);

70% RH

4 homogeneous atmosphere defined s
by user. (Note See CPRES, 3
CRHUMD, CTEMP.) :

IDOP 0 Doppler shift switch.
0 for no Doppler shift factor
1 Doppler shift factor included

(Note: For fan noise the 4

correction is for frequency g

only.) 3
2 Doppler shift factor included 3

(Note: For fan noise a correction
is made for both the frequency
and the noise levels.)

22 A




B U AL KA OGRS 5 o oo, 0 . ~ P N - RO e - e . -
. Al bl <o P Sigiaiielialiing . T ol

3
Variable Units Default Description ;
Name

1
IEGA 0 Specifies whether corrections for

extra ground attenuation are to be
applied while extrapolating the

noise level from the airplane to ]

the observer. Set equal to: ;

0 if EGA desired }

1 if EGA 1s not wanted -
IGDR 1 Specifies whether corrections for

ground reflection based on +3-dB
delta. or calculated corrections
(app. A. NASA CR114649) are to be 1
applied while extrapolating the noise :
1 level from the airplane to the
observer. Set equal to:
. 0 if calculated corrections are
made (Note: See XKN. ND. FLD.
ZNR. ZNL)
7 1 if a delta of +3 dB is to be
» used
*INSEOW 0 An array specifying whether shielding
. is to be included for a particular
INSEOW(3) 0 engine configuration in which case
1 engine wing geometry data (SEWDATA
!
{
{

data set) is to be input for that

configuration,

0 engine wing geometry data are
not to be input tunshiclded!

1 engine wing geometry data must
be input (shielded)

- IOUT() 0 An array to indicate the output reports
1 c Ce desired. The selection can include seven
K IOUT(T) 0 different output reports or a default

report which gives a heading. PNL, TCPNL.
time array. EPNL, and a one page summary of
assumptions under which the run was made.
Order of input is immaterial e.g..

IOUT(1) = 5, 4.3, 2.1 functions the same as
IOUT(1y = 1,2.3.4.5

(Note: App. A, sec. 5.0 output = 1 Type 1 report; total SPL at the
data illustrates the various output observer for each of the 17 angles
reports described by this input.) (109, 200, 30°, ... 1709 for each of

the frequency bands and observer positions.
= 2 Type 2 report; summary of options assump-
tions under which the case was made.
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Variable
Name

*1SFE

ISPTRM

TUNIT

ND

NHUMID

Units

Default

Description

= 3 Type 3 report; SPL., for each component,
at the observer in the same manner as
type 1.

= 4 Type 4 report; flightpath observer geom-
etry and engine wing geometry if
applicable.

5 Type 5 report; extrapolation corrections.
= 6 Type 6 report; total free-field index
{radius of 1 mi) SPL’s for all angles.
frequencies and observer positions.
= 7 Type 7 report; free-field index spectra

for each component. If shielding is
specified. the type 7 report selection
produces output of wing shielding com-
ponent data.

Specifies if flight effects per
uniform flow theory are to be included
in wing shielding calculations.
ISFE = 0 for inclusion of flight
effects
ISFE # O for prediction based on
static test results

Specifies the type of frequency bands
to be used in the calculations. Set
equal to:

0 for 24 preferred 13 octave bands

1 for 8 preferred 1/1 octave bands

Specifies whether input parameters and
output reports are in S.1. or English
units.

0 =81

1 = English units

Number of data points for the ground
normalized complex impedance curve.
(3 = ND = 25) (Note: Use only if
IGDR = 0. see XKN, FLD, ZNR. ZN1.)

Specifies the number of entries in each

of the percent relative humidity (RHUMID
versus RALT) tables that are defined by
the user for nonhomogeneous atmospheric
conditions. (2 = NHUMID = 50) (Note:
Use only if IATMOS = 2.

.-
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Variable Units
Name

NLOPT

NOBS

NPRES

NTENG

NTEMP

PALT(I) m(ft)

PALT(50) m(ft)

PRES(1} Atm(psia)

PRES(50) Atm(psia)

Default

Description

Specifies table output for noise
contour estimation on file TAPE20.
0 = no output
1 = FPNL versus EPP. elevation

¢ ngle. logy of the range at CPA
2 - same excepl peak PNL
(Note: Qutput reporting must be st
to TYPE 1 or default-see IOUT If
NLOPT - 0. each case will have a noise
level. an engine performance
parameter, an elevation angle. and
the logy of the off-axis range
written to file TAPE20.
Number of obsery-rs defined in
SLDIST table.t1 - NOBS - 10

Specifies the number of entries in

each of the pressure (PRES! versus
altitude (PALT) tables that the user
defines for nonhomogeneous atmospheric
conditions. (2 - NPRES = 501 (Note:
Used if IATMOS = 20

Specifies the number of distinet

types of engine configurations to

be considered INTENG - 31. Noige
component parameters must be defined
for each different source.

Specifies the number of entries in each
of the temperature (TEMP! versus
altitude (TALT) tables that have becn
defined by the user for nonhomogeneous

atmospheric conditions. (2 = NTEMP = 50

{Note: Used only if IATMOS = 2.

Each entry in this table defines the
altitude for the pressure defined by
the corresponding entry in the PRES
table. (Note: Used only if

IATMOS = 2, see NPRES.)

Each entry in this table defines the
pressure for the altitude defined by
the corresponding entry in the PALT
table. (Note: Used only if

IATMOS = 2. see NPRES)




Variable
Name

RALT(1)

RALT(5D

RHUMID(1)

RHUMID(50

SLDIST(1)

SLDIST(N»
SLOPE

TALT(

TALT(50)

TEMP(H

TEMP(50)
TCG

UAIRAB(1)

UAIRAB(N)

XKN

ZNRD

ZNR(25)

Units Default

mift)

mift)

G% RH
% RH
mi(ft)

mift)
0

mift)

mi(ft)

K{'R)

K("R)
sec 10.

dB/km(dB:1000 ft)

dB/km(dB‘1000 ft)

(See app. A,
NASA CR114649)

Description

Each entry in this table defines the
altitude for the relative humidity
defined by the corresponding entry
in the RHUMID table. (Note: Used
only if IATMOS = 2. see NHUMID.:

Each entry in the table defines the percent
relative humidity for the altitude
defined by the corresponding entry in i

ALt

the RALT table. (Note: Used only if
IATMOS = 2, see NHUMID .

Sideline position of 1st observer b
(see NOBS).
Sideline position of Nth observer. {

Aircraft climb gradient. (Tangent of
climb angle.) L

Each entry in this table defines the
altitude for the temperature defined
by the corresponding entry in the
TEMP table. (Note: Used only if
[ATMOS = 2.see NTEMP.)

Each entry in this table defines the
temperature for the altitude defined
by the corresponding entry in the
TALT table. (Note: Used only if
IATMOS = 2, see NTEMP
Normalizing time constant in seconds
used in the EPNL calculations i Note:
See BCG, FLR.

User defined air absorption coefficient
for the frequency bands. ' Note: Used
only if IAIR = 1h', N = 8for 1 1 0.B.;
N = 24 for 1 3 0.B.

Wave number ratio, XKN = K K,, or (¢, (;
where C,= speed of sound in air;

C = speed of sound in ground.

(Note: Used only if IGDR : 0. see FLD.
ND. ZNI, ZRN.) RESTRICTION: XKN 0.

Real part of (Z; Z) for normalized

ground impedance data curve. (Note:

ZNR ~ 0.see FLD, ND, XKN. ZNTI: used onlv
if IGDR = 0
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Variable Units Default Description

Name

ZNI(1) Imaginary part of —Z;/Z, for normalized

. ground impedance data curve. (Note:

ZNI(25) See FLD, ND. XKN, ZNR; used only if
IGDR = 00

(Note: The reactance of the ground is
usually capacitive, hence negative. The
aption here permits the user to specify
positive values which are treated as
capacitive reactances.)

4.2 ENGINE/WING GEOMETRY* (SEWDATA DATA SET)

This section describes the engine wing geometry data to be input for each shielded
distinct type of engine configuration (see NTENG). Successive configurations need only
reflect the change in the 4ata set. See figure A-9 for an illustration of the engine wing
geometry.

Variable Units Default Description

Name

DDLD Nondimensional engine length, L - D.
DDSD Nondimensional distance between

engine centerline and wingtip. S D.

DDXo0D 0 Nondimensional distance in axial
direction from nozzle exit plane
to point on top of wing, X,, D.

DDX1D Nondimensional distance in axial
direction to trailing edge from
point on top of wing. X, D.

DDX2D Nondimensional distance in axial
direction to leading edge from
point on top of wing. Xo D.

DDYOD 1 Nondimensional distance normal to
engine centerline from top of wing.
Y,D.

DDY1D Nondimensional distance normal to

engine centerline from the trailing
edge to top of wing, Y; D.

DDY2D Nondimensional distance normal to
engine centerline from the leading
edge to top of wing, Yy D.
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Variable
Name

DIANE
DIHED
IES

SWPLE
SWPTE

Units

mift)
deg

deg
deg

T s AR I NS i i A DB 2 e

Default

0.3048

Description

Nozzle diameter, D.

Wing dihedral, aj.

Indicator for number of wings to be

considered in shielding calculations.

IES = 0 for both wings on near and
far side of airplane

IES = 0 for just the wing on the near
side of airplane

Leading-edge sweep angle, az.

Trailing-edge sweep angle, a;.

4.3 NOISE COMPONENT PARAMETERS ($NOISIN INPUT DATA SETS)

As mentioned previously the program estimates noise for aircraft equipped with one of
three different types of propulsion systems. Each configuration is treated as a set of
noise components, each of which will have a separate $NOISIN data set. Fach
configuration is treated independently and may consider any subset of the following 13

noise component modules:

1. Primary jet

2. Primary and secondary jet

3. Core and turbine, #

4. Compressor and fan inlet, #

5. Fan exit, #

6. Augmenter wing, #
7. Blown flap

8. Lift fan.

9. Fjector suppressor, #
10. Propeller

11. Helicopter, propeller, and tilt rotor

12. Measured data

13. Jet edge interaction®

(Note;

denotes lining attenuation option.)
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i crder of these components has meaning only in respect to the internal order in the
computer program and a means of 1dentifying the data inputs per noise component {e.g..
if augmenter wing noise is to be predicted, the input, ITYPE = 6. in the $NOISIN data
set indicates to the program that this data set applies to augmenter-wing noise; also
TT6. GAMA6. DELTS6. etc.. are inputs unique to the data set when ITYPE = 6). |For
the component jet edge interaction ITYPE = 13, all data are input through an array
variable name EDGVAR.|* Once the order of calling the noise source estimation
modules is selected for the first case. it must be maintained for all subsequent cases.

The identifving number also allows the lining attenuation and configuration correction
inputs to be described in a separate section which is referred to by the various noise
component sections rather than repeated descriptions in each section. This is done in
the following manner for any noise component. If lining or configuration corrections are
desired. the input data set variable names are appended by an identifving number on
the end of the variable name (c.g.. LIN3 = 1 tcore and tubine lining attenuation).
LIN6 = 1 raugmenter wing lining attenuation); ICOR1 - 1 (primary jet configuration
correctionsy; ICORIT = 1 (helicopter configuration corrections? etc.). There is no lining
correction optinn for component jet edge interaction. but configuration corrections. if
desired, (ICOR13 - 1) may be included.

Three data inputs for each distinct source noise configuration have a special place in
each configuration data set (i.e., they must be defined in the first $NOISIN data set in
each configurationi. These inputs are:

NTYPE Specifies the total number of noise components (NOISIN data sets) in a
configuration. It informs the program to accept data for NTYPE noise
components.

NENG Specifies the number of identical powerplants on the aircraft.

INSHLD Specifies wing shielding for the configuration. The computer program
expects $SHLDAT data sets.

4.3.1 LINING ATTENUATION AND CONFIGURATION CORRECTIONS

This section describes the data inputs for neise components tincluding the separate
component for measured data) when configuration corrections are desired in the
estimation process for a particular noise component. For lining attenuation corrections
this section applies only to the core and turbine, compressor and inlet fan, exit fan.
augmenter wing, lift fan. and ejector-suppressor noise modules. The input variable
names described below differ between noise components only by the appended number
described in the introduction of the Noise Component Parameters; i.e.. ICORm, where
m~—1.2,.3,4...12,13. for the particular noise component ($NOISIN data set).
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Variable Units Default
Name

ICORm 0
LINm 0

Lining Attenuation Parameters:

CFm m/s(fps)
EDHm m(ft)
ELOHm

FMm

IDPm 2
ILAYm 1
IMAm 0
LGMm 0

T e e e e T et - - i T g i

Description

= () indicates no configuration
corrections.

= 1 indicates AdB corrections are a function
of directivity angle onlv.

=2 indicates AdB corrections are a function
of frequency 11 3 or 1 1 octaver and
directivity angle

(Note: Changing ICORm from 1 to 2 or

vice versa 1s not permitted for the

same noise component of an engine

configuration. Each engine configur-

ation can be treated independently of

the other by use of NTENG option if

this comparison is desired.)

= 0 indicates no lning attenuation
in corrections.

= 1 indicates lining attenuation corrections
are calculated by program.

LINm # 0

Speed of sound in the flow.
Effective duct height for lining.
(Note: Used only if LGMm = 0.
Ratio of effective lining treatment
length to duct height. (Note:
Used only if LGMm = 0.0

Mach number of the flow. (Note:
FMm is negative for inlet lining.i

Lining design point option.
=1 for single design point
= 2 for multiple design point
= 1 for single layer lining
= 2 for double layer lining
Specifies whether program calculates
or user defines the peak attenuation
for each target frequency.

0 program calculates
= 1 user defines PLAm values
Specifies whether program calculates
peak attenuation using lining geometry
or user-defined effective duct height
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Variable
Name

NTFm

NWLm
PCTAm(1)
PCTAmMm(N)
PLAm(I)
PLAm(N)
R1Wm(
R1Wm(N)
TLm(1)

TLm(N)
TFm(1)

Units

dB
dB
m(ft)

m(ft)

mift)

m(ft)

KRR it o 3518 35

Default

100%

Charac-
teristic

Description

and ratio of treatment length to

effect duct height.

= 0 user inputs EDHm and ELOHm

= 1 user inputs lining geometry
(See: RIWm and TLm.)

(Note: use only if IMAm = 0.

Number of target frequencies in
lining (maximum is 10, If NTFm
is set equal to zero, the computer
program will set the target frequency,
TFm, to the current calculated
characteristic frequency for a
particular noise component. The
characteristics frequency is that
frequency where the spectrum level
is at a maximum. After the

default target frequency is set,
NTFm is set to 1.

Number of walls in lining. ]
{Maximurmn is 10.) ]
Percent treated for 1st target
frequency.

Percent treaed for Nth target
frequency, N = NTFm.

Peak attenuation for 1st target
frequency.

Peak attenuation for Nth target
frequency., N - NTFm. (Note: Used
only if IMAm - 1.

Radius of 1st wall of lining.

Radius of Nth wall of lining. 3
(Note: Used only if LGMm = 1,
N = NWLm.)

Treatment length of 1st wall of A
lining, N = NWLm. K-
Treatment length of Nth wall. 3
First target frequency. (Note: If v
NTFm - 0, TFm(D) will be reset to the

peak noise current calculated characteristic !

frequency

frequency.)

f
i
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Variable Units Default Description

Name

TFm(N) Hz 0 Nth target frequency, N = NTFm. :
Configuration Corrections: ICORm # 0
DOB(1) dB Table of AdB corrections as a function }
- - of directivity angles only. (Note: !
DOB(N) dB ICORm = 1 and N = NPSCR). ‘
DPB(1) dB Teble of AdB corrections as a function i
s s of frequency band number, and the

DPB(M) dB directivity angles. This table is

input as a single array whose indices
correspond to a two-dimensional array:
DPB(M) = Xii, j) where M = i+ K (j—1), and
(1, j) correspond to the pass band

number and directivity angle index.
respectively. Note that K = 8 for full
octaves or 24 for 1 3 octaves. Applies

only if ICORm = 2.

PSCR(1) deg Table of directivity angles corres-
ponding to either DOB array or DPB
array depending on ICORm setting.

PSCR(N) deg N = NPSCR. K
NPSCR Number of directivity angles on which i
the configuration correction table is K
based. (2 - NPSCR - 171, .

-

4.3.2 PRIMARY JET NOISE AND PRIMARY PLUS SECONDARY JET NOISE

|
4
H
!

This section describes the subset of the SNOISIN parameters used in estimating either
primary jet noise or combined primary and secondary jet noise. These inputs are needed
in addition to the appropriate $GDATA parameters described previously. (Note: For
AdB corrections, see sec.4.2.1 on lining attenuation and configuration corrections.)
Applicable shielding data for this subset are described 1n section 4.4,




Variable Urots Detault Deseription
Name
*INSHLD i) Indicator for denoting wing shielding k

calculations are desired and inputs

are required .mmediately after this

$NOISIN data set :

INSHLD 0 for noinput or shielding
calculation

: INSHLD # 0 for input according to

1 $SHLDAT data set format

and shielding calculations

‘ are desired

RESTRICTION: If default values are

desired in shielding calcualtions,

INSHLD = 1 must be input on the first

$NOISIN data set in the first case

of a job.

ITYPE Indicator for primary or combined
_ primary and secondary jet noise. .
E. ITYPE = 1 for primary jet

ITYPE = 2 for primary and secondary jet

This variable must be specified in the 4

1 first case for each noise component :
' for each different noise source

.y configuration. ;

NTYPE 1 Number of noise components in a
E configuration. (Note: NTYPE must
E be specified only in the first
$NOISIN data set of each configuration
in the first case of a run if

s asalionsnin

o e b

§
different than 1. :
{
K Primary Jet Parameters: “
i I
AP} m?(ft2) Cross-sectional area of the nozzle
exit.
‘ ANGJT1 deg 0 Engine inclination angle.
_ DIAMT1 mift) 0 Diameter of nozzle. A
| If zero or negative, the diameter ?
| will be calculated based on nozzle |
> | area (AP1).
' ‘i NJETI Code for type of input data.
l NJET1 = 1 user defines AP1. PR1, TTI

NJET! - 2 user defines WP1, PR1. TT1
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Variable Units Default Description
Name

et as mel e o

NJET1 = 3 user defines AP1, WP1, VP1
. plus AS2, VS2, WS2 if

secondary jet noise is %
to be considered. ]
MCODE1 1 Code for Strouhal curve. 3

MCODET1 = 1 for flight spectrum curve
MCODE1 = 2 for ground spectrum curve.

PR1 Nozzle pressure ratio; i.e., total
pressure divided by freestream
static pressure.

TT1 K(°R) Jet total temperature.
VP1 m/s(fps) Velocity of jet exhaust relative to
E nozzle.

WP1 kg/s(lbm/s) Primary mass flow.

Secondary Jet Parameters:

The following three parameters are needed in addition to the above combined primary
and secondary jet noise, (ITYPE = 2).

Variable Units Default Description
Name
4 ? AS2 m?(ft?) Secondary jet nozzle area.
i i VS2 m/s(fps) Secondary jet velocity relative to S
] nozzle. '
wSs2 kg/s(lbm/s) Secondary mass flow.

| 4.3.3 CORE AND TURBINE NOISE

This section describes the subset of the $NOISIN parameters used to estimate core and
turbine noise. These inputs are specified in addition to the $GDATA data set described
previously. (Note: For AdB corrections, see sec.4.3.1 on lining attenuation and
configuration corrections.)

! Variable Units Default Description
1 Name
DELT3 deg 0 Engine attitude angle. R
INSHLD 0 Wing shielding indicator. Description '
same as ITYPE = 1, 2, 3, or 4. ‘.
ISW3 0 Specifies noise type to be predicted. 3

ISW3 = 0 for core and turbine noise
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Variable Units Default
Name

ITYPE
NENG 1
NTYPE 1

Core Noise Parameters:

CMF3 kg/s(lbm/s)
EK3

JB3

PP3

TT3 K(°R)

Description

ISW3 = 2 for core noise only

ISW3 = 3 for turbine noise only

RESTRICTION: When wing shielding

is desired (INSHLD # 0), the value of

ISW3 will impact the empirical terms

chosen for shielding calculations.

ISW3 = 2 causes program to use core
noise empericisms

ISW3 # 2 causes program to use turbine
noise empericisms

ITYPE = 38 for core and turbine
noise prediction

This variable must be specified in

the first case for each noise

component for each configuration.

Number of engines. If other than

1, this must be specified for the first
noise component of each type of
propulsion system.

Number of noise types in a configura-
tion. (Note: NTYPE must be speci-
fied only in the first $NOISIN data
set of each configuration for the

first case of a run.)

Combustor corrected mass flow.
Corrected to sea level, static
conditions (1 ATM, 15° C).

Specific engine correction. (See
table 10 in NASA CR114649)

Indicator for type of burner.
JB3 = 1 for annular type burner
JB3 = 2 for can type burner

Turbine total pressure ratio; i.e.,
turbine inlet total pressure divided
by turbine exit total pressure.

Combustor exit total temperature.
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: Variable Units Default Description ¥
2 Name s ]
; Turbine Parameters: _ T4

BN3 Number of blades for turbine last j
stage. :
CLS3 m/s(fps) Speed of sound at last turbine stage. :

. If CLS3 is not set it will be
4 estimated internally by program.

CSs3 Stator/rotor spacing. (See fig.
55 in NASA-CR114649.)

DT3 m(ft) Tip diameter for turbine last stage
rotor. Required only if VTR3 is
unknown.

3 IC3 Indicator for nozzle configuration ;

type.

IC3 = 0 for dual flow nozzles of
turbofans or turbaojets

IC3 # 0 for engines with retracted
primary flow nozzle

e
uakak sindedil i

: (e.g., JTSD) }
g PMF3 kg/s(1bm(s) Primary mass flow.
‘ SS3 RPM Shaft speed.
. ] TU3 K(°R) Turbine outlet total temperature.
b | Required only if CLS3 is unknown.
; ! VTR3 m/s(fps) Relative tip speed of turbine last >

stage rotor.

. ' _ 4.3.4 COMPRESSOR, FAN INLET, AND FAN EXIT NOISE

This section describes the subset of the $NOISIN parameters used to estimate the
compressor, fan inlet, and fan exit noise. These inputs are needed in addition to the
appropriate $GDATA parameters. (Note: For AdB corrections, see sec. 4.3.1 on lining

; attenuation and configuration corrections.) i F
4 ; Variable Units Default Description

Name

DELT45 deg 0 Engine attitude angle.

FPR45(I) Fan or compressor pressure ratio,
(1 =1 < NSTG45).

INSHLD 0 Wing shielding indictator. Descript- ¢
tion is same for ITYPE = 1, 2, 3. or 4. 4
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Variable Units
Name

ITYPE

NB45()

NENG

NTYPE

NSTG45
RN145 RPM
RSS45(I) %

RTS45

Fan Inlet Parameters:

CFPR4

DIAM4(D) m(ft)

Fan Exit Parameters;

AREA5(I) m2(ft?)
BPRS

Default

Description

ITYPE = 4 for compressor or fan
inlet noise
ITYPE = 5 for fan exit noise

This variable must be specified in
the first case for each noise
component for each configuration.

Number of compressor or fan blades
for each stage, (1 < I = NSTG45).

Number of engines. If other than 1, this
must be specified for the first

noise component of each type of
propulsion system.,

Number of noise components in the
configuration. (Note: NTYPE must

be specified only in the first

$NOISIN data set of each configuration
for the first case of a run.)

Number of fan stages, (1 < NSTG45 < 3).
Rotor rotational speed.

Minimum rotor/stator spacing,
(1 =1 = NSTG45).

Relative tip Mach number of the
first stage without inlet guide

vanes (IGV). If less than or

equal to 0, IGV's will be assumed
for the first stage. If RTS45 is

less than one, but greater than

zero, there is no buzzsaw component.

{In addition to the inputs above for
inlet fan noise; i.e., ITYPE = 4.)
Fan pressure ratio when the relative
tip Mach number equals 1.025.
Compressor or inlet fan diameter,

(1 =1 = NSTG45).

(In addition to the first set of
inputs for fan exit noise; i.e.,
ITYPE = 5.)

Fan discharge area, (1 < I < NSTG45).

Engine bypass ratio, mg/m; where
my ... primary mass flow
mpy . . . secondary mass flow




Variable Units Default Description
Name

NI5 A Indicator for duct type
' = 0 for short fan ducts

1 for long fan ducts with retracted
primary nozzle; i.e., the JT8D
engine

2 for long fan ducts with approx-
imate coplanar primary/secondary
nozzle exits

3 for approximate 3/4 length fan
ducts

il

1

4.3.5 AUGMENTOR WING NOISE

{ This section describes the subset of the $NOISIN parameters used to estimate the

‘ augmentor wing noise. These inputs are needed in addition to the appropriate $GDATA
parameters described previously. (Note: For AdB corrections, see sec. 4.3.1 on lining
attenuation and configuration corrections.)

Variable Units Default Description
1 Name
AD6 m2(ft2) Nozzle discharge area.
} DE6 m(ft) Effective diameter (hydraulic diameter)

[ DE6 = 4 * AD6 perimeter
=2H (1 +H L
H is slot height; L is slot length.

' DELTé6 deg 0 Flap angle relative to the horizon.
i GAMAS6 1.4 Ratio of specific heats for exhaust
flow.
ITYPE ITYPE = 6 for augmentor wing noise.

This variable must be specified in
the first case for each noise
component for each configuration.

NENG 1 Number of engines. If other than 1, this
must be specified for the first noise
component of each type of propuision
system.

NTYPE 1 Number of noise components in a
configuration. (Note: NTYPE must be

H specified only in the first $NOISIN

data set of each configuration for

the first case of a run.;
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Variable Units Default Description

Name
TTé6 K(°R) . Total temperature at the nozzle exit.
XNPR6 Nozzle pressure ratio-the total

pressure at the nozzle exit divided by
the freestream static pressure.

4.3.6 BLOWN FLAP NOISE

This section describes the subset of the $NOISIN parameters used to estimate the blown
flap noise. These inputs are supplied in addition to the $GDATA parameters. (Note: For
AdB corrections, see sec. 4.3.1 on lining attenuation and configuration corrections.)

Variable Units Default Description

Name

AN7 m2(ft?) Nozzle discharge area.

DELT? deg 0 Engine attitude angle.

DL7 Dimensionless distance between

nozzle exit and target point on the
flap(s) when the nominal flap angle
is 45% i.e., L/D in NASA-CR114649

(sec. 5.2.2.5).

DN7 m(ft) Nozzle exit diameter or hydraulic
diameter.

FANG7 deg 0 Nominal flap angle.

HD7 Dimensionless distance between nozzle

centerline and mean wing chord; i.e.,
H/D in NASA-CR114649 (sec. 5.2.2.5).

ITYPE ITYPE = 7 for blown flap noise. This
variable must be specified in the first
case for each noise type for each
configuration.

NENG 1 Number of identical noise sources.

If other than 1, this must be specified
for the first case for each
configuration.

NTYPE 1 Number of noise types in a configura-
tion. (Note: NTYPE must be specified
only in the first $NOISIN data set of
each configuration for the first case
of a run.)
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Variable Units
Name

PR7

TT7 K(°R)

4.3.7 LIFT FAN NOISE

Description

Nozzle pressure ratio; i.e., total
pressure divided by freestream static
pressure.

Total temperature of exhaust at
nozzle exit.

This section describes the subset of the $NOISIN parameters used to estimate lift fan
noise. These inputs are supplied in addition to the appropriate $GDATA parameters
described previously. (Note: For AdB corrections, see sec. 4.3.1 on lining attenuation and

configuration corrections.)

Variable Units
Name

AREAS m2(ft2)
CRFPRS8

DELTAS deg
DIAMS m(ft)

FPR8

ITYPE

NB8
NENG

NTYPE

RN18 RPM

Description

Fan discharge area. [F = 0. No aft
fan noise is calculated.

Fan pressure ratio for the relative
tip Mach number of 1.025.

Engine attitude angle.

Fan inlet diameter. IF = 0. No inlet
fan noise calculated.

Fan pressure ratio; i.e.. total
pressure aft of a fan stage
divided by total pressure just
forward of the fan stage.

ITYPE = 8 for lift fan noise. This
variable must be specified in the
first case for each noise type for
each configuration.

Number of fan blades.

Number of lift fans being

considered. If other than I, this must
be specified for the first case for

each configuration.

Number of noise types in a configura-
tion. (Note: Must be specified only

in the first $NOISIN data set of each
configuration for the first case of a
run.)

Rotor rotational speed.
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Variable Units Default Description

Name
RSS8 % Minimum rotor/stator spacing.
RTS8 0 Relative tip Mach number of the fan

without inlet guide vanes. If RTS8

is less than or equal to zero inlet
guide vanes are assumed. If less
than one but greater than zero,

there is no buzzsaw noise component.

4.3.8 EJECTOR-SUPPRESSOR NOISE

This section describes the subset of the $NOISIN data set used to estimate
ejector-suppressor noise. These inputs are supplied in addition to the $GDATA
parameters described previously. (Note: For AdB corrections, see sec. 4.3.1 on lining
attenuation and configuration.)

Variable Units Default Description
Name
AR9 Area ratio of suppressor nozzle; i.e.,

primary plus secondary flow area
divided by prirnary flow area.

AREA9 m2(ft?) Discharge area of suppressor nozzle.
Cv9 Velocity coefficient for nozzle.
DELT9 deg 0 Angle between thrust vector and
horizon.
EMACH9 Exhaust Mach number for ejector
(only needed if IEJ9 # 0).
EXNM9 Exhaust Mach number for nozzle.
ITYPE ITYPE = 9 for ejector-suppressor noise.

This variable must be specified in
the first case for each noise type
for each configuration.

TEJ9 0 Switch for ejector and/or suppressor.
IEJ9 = 0 bare suppressor
IEJ9 # 0 ejector/suppressor

NENG 1 Number of engines. If other than 1, this
must be specified for the first case
for each configuration.

NTYPE 1 Number of noise types in a configura-
tion. (Note: NTYPE must be specified
only in the first $NOISIN data set of
each configuration for the first case
of a run.)
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Variable
Name

NUM9

PA9

PCV9

PS9

SMACHS9
ST9

A% AR il

Units Default

m*(ft?)

ATM(psia)

K(°R)

4.3.9 PROPELLER NOISE

Description

Number of discharge elenients of
suppressor nozzle.

Discharge area of ejector (required
only if IEJ9 # 0).

Velocity coefficient for ejector
(required only if IEJ9 # 0).

Static pressure in exhaust at
nozzle (required only 1f 1IEJ9 # 0).

Mach number of induced secondary air.

Static temperature at nozzle exit.

This section describes the subset of the $NOISIN parameters used to estimate propeller
noise using the emprical procedure defined in NASA-CR114649. The next section
describes inputs for the theoretical rotor procedure which may be used in lieu of this
module. These inputs are needed in addition to the appropriate $GDATA parameters
described previously. (Note: For AdB corrections, see sec. 4.3.1 on lining attenuation and
configuration corrections.)

Variable
Name

ASUBI10

B10
D10
DELT10

DSUB10

ITYPE

NENG

NTYPE

Units Default
m32(ft?)

m(ft)

deg 0

m(ft)

Description

Total blade area for one side of ;
propeller. -

Number of propeller blades.
Propeller diameter.

Angle between gross thrust vector
and horizon.

Characteristic dimension for the
blade geometry at 0.7 span; i.e.,
the axial projected chord.

ITYPE = 10 for propeller noise. This
variable must be specified in the
first case for each noise type for
each configuration.

Number of engines. If other than one, this R
must be specified for the first case >
for each configuration, 7

Number of noise types in a given
configuration. (Note: NTYPE must
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Variable
Name

RPM10
T10
w10

"o me e e ek LU e

N o s S  aadialtys

Units Default

RPM
N(bf)
kW(HP)

a2l RPERIT = oy

Description

be specified only in the first
$NOISIN data set of each configuration
for the first case of a run).

Propeller rotational speed.
Propeller thrust.
Propeller shaft power.

4.3.10 HELICOPTER, PROPELLER, AND TILT ROTOR NOISE

This section describes the subset of the $NOISIN parameters used to estimate !
helicopter, propeller, and tilt rotor noise based on the theoretical procedures defined in )
section 5.2.5.2 of NASA CR114649. These inputs are needed in addition to the

appropriate $GDATA parameters described previously. (Note: For AdB corrections. see

sec. 4.3.1 on lining attenuation and configuration corrections.)

Variable
Name

AB11
B11

CEE1l1

DELT11

‘DE11

DT11
ITYPE

IRR11

Units Default
m2(ft2)

24 .4
deg
m(ft)
m(ft)

0

Description

Total blade area of one side of rotor.

Number of blades per rotor,
(2. = B1l < 6.).

Constant (¢) in loading law (eq. 51 of
NASA-CR114649). This variable and
variables XMM11 and XLMC11 must
be gpecified when LLF11 = 6.

Angle between gross thrust vector
and horizon. (Applies only to
the main rotor.)

Characteristic dimension for the blade
geometry at 0.7 span; i.e., the mean
axial projected chord.

Tip diameter.

ITYPE = 11 for helicopter noise. This
variable must be specified in the

first case for each noise type for

each configuration.

Indicator for specifying if the rotor
being considered is the main rotor or
tail rotor.

IRR11 = 0 for main rotor

IRR11 # O for tail rotor

{Note: If the tail rotor is being

BT W PR
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Variable Units Default Description
3 Name
congidered, the thrust axis is assumed
horizontal and perpendicular to the
helicopter’s flightpath.)
- LLF11 2 Loading law indicator. (See
3 NASA CR114649 for equations.)
LF11 = 1 applying to hovering
helicopter (eq. 50A)
LF11 = 2 applying to helicopters
and tilt rotors (eq. 50B)
LF11 = 3 applying to low speed
propellers (eq. 50C)
LLF11 = 4 applying to low speed
propellers (eq. 501
‘ LLF11 = 5 applying to mediam speed
- 1 propellers (eq. Suk
] - LF11 = 6 user inputs loading law
parameters (eq. 51)

NENG 1 Number of engines; 1.e.. rotors. If
other than 1, this must be specified
for the first noise component of
each type of propulsion system.

E NTYPE 1 Number of noise types in the configura-
*‘ tion. (Note: NTYPE must be specified
g | only in the first $NOISIN data set of
3 each configuration for the first case
E of a run)
1 Q11 N-m(ft-1bH) Shaft torque.
- RN11 0.8 Dimensionless centroid for equivalent
: point load on a rotor blade.
RPM11 RPM Rotor rotational speed.
- St 5.0 Lift curve slope for a single biade
3 rapplies if LLF11 )
= T11 N(bf) Thrust ver rotor.
1 J XMM11 2. Constants (m & A0 in loading law
- teq. H1 of NASA CR-114649).
XLMC11 30. Applics when LLF11 - 6
4.3.11 MEASURED DATA INPUT

This section describes the subset of the $NOISIN parameters required for inclusion of

measured data. The SPL variable described in this section is an array of sound pressure

levels in dB re 20 uNim? as a function of frequency (preferred 1 1 octave bands or 13
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& octave bands), a prescribed engine performance parameter, directivity angle, and
i elevation angle. In order to minimize core size, this SPL array is assigned to local
storage in the measured data overlay and the SPL input is read in an eight field, 10
column per field decimal format rather than the NAMELIST $NOISIN format. The
measured data discussed in this section is limited to one powerplant and can be
specified only once during a computer run. The only variables which can change in
succeeding cases are the $GDATA parameters, DELT12, and the configuration
corrections discussed in section 4.3.1.

Refer to section 3.3.2 of NASA-CR114650 for sample input data which includes
measured data. ’

T IR = S W D A

Variable Units Default Description

Name
:t : BETA12(1) deg Independent variable array of ‘
o o elevation angles used to correlate i
X BETA12(N) deg the measured SPL’s. Axial symmetric
B sound sources will have no BETA12 j
) entries indicated by NBTA12 = 0. ;
= N = NBTA12. ]
\ DELT12 deg 0 Engine inclination angle.
L 1 EP12(1) Independent variable array of engine
o C perforamnce parameters needed to
A EP12(N) correlate the measured SPL’s. N = NEP12.

variable must be specified in the
b first case for each noise type for
= each configuration.

NBTA12 0 Number of enties in the BETA12 data

! array, (NBTA12 = 0 or 2 < NBTA12 =< 5).
NEP12 Number of entries in the EP12 data

array, (2 < NEP12 < 5). :
_i ‘ NPSI112 Number of entries in the PSI12 data !
- array, (2 < NPSI[12 < 17).
o NTYPE 1 Number of noise types in a configura-
1 ': tion. (Note: NTYPE must be specified E
- only in the first §NOISIN data set of A
h k each configuration for the first case.

~ ] ITYPE ITYPE = 12 for measured data. This
{
i

: PSI12(1) deg Independent variable array of )
{’ . c directivity angles used to correlate by
1 PSI12(N) deg the measured SPL’'s. N = NPSI12.

2 (Note: SPL array is input with 8F10.0
format directly following the
$NOISIN data set.)
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Variable Units Default Description

Name

SPL(1) dB Dependent data array of SPL’s in dB
o o ’ for noise versus (f, PSI12, EP12,
SPL(N) dB BETA12). Where f is the frequency

(eight preferred 1/1 octave bands or
twenty-four 1/3-octave bands) defined

in table 4 of NASA-CR114649. Inputs
are for free-field noise conditions
atR=1m.

Note: SPL(n) = F(, J, K, L) where

n =1+ k] (J-1 + k2 (K-1 + k3) (L-1»
ki = 24 for 1/3-octave band analysis

8 for full octave band analysis

ko = NPSI12

kg =NEP12

(L, J, K, L) are indices correspunding to
(f, PS112, EP12, BETA12) where frequency
is varied first, then the directivity

angle, then the engine performance para-
meter, and finally the elevation angle.

it

4.3.12 JET/EDGE INTERACTION NOISE*

This section describes the subset of the $NQISIN data set used to estimate jet edge
interaction noise. These inputs are needed in addition to the appropriate $GDATA
parameters described previously. (For AdB correction, refer to sec.4.3.1lining
attenuation and configuration corrections.)

Variable Units Default Description
Name
ITYPE ITYPE = 13 for jet edge interaction

noise prediction. This variable
must be specified in the first
case for each noise component for
each configuration.

NENG 1 Number of engines. If other than 1, this
must be specified for the first
noise component of each type of
propulsion system.

NTYPE 1 Number of noise components in the
configuration. (Note: NTYPE must
be specified only in the first NOISIN
data set of each configuration for
the first case of &2 run.)
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Variable Units Default Description
Name
1 EDGVAR(D . Nondimensional distance between
4 nozzle exit to the wing/flap systems
trailing edge measured along the E
wing/flap surface (L/D).
i EDGVAR(2) Jet Mach number.
EDGVAR@3) mft) Hydraulic diameter of jet nozzle (D) i
: (equals four times discharge area 4
divided by nozzle perimeter). i
EDGVAR(4) Jet static temperature ratio
§ (Tg/Tgo where T, is 288.2 K or
; 518.7 °R).
- EDGVAR(5) Not used.
¢ EDGVAR(6) deg 5.7 Jet spreading angle. ;
EDGVAR(T) 07854  Nondimensional discharge area (A/D?). :
EDGVAR(8) 0. Nondimensional nozzle lip height
above wing surface (H/D).
b EDGVAR®) 5. Nondimensional jet core length (L./D).
The default is for round nozzie.
, “ EDGVAR(10) deg 0. Nominal flap angle or angle of
] attack when the flaps are retracted.

| 4.4 NOISE COMPONENT SHIELDING PARAMETERS*
($SHLDAT INPUT DATA SET)

: If noise shielding is specified for the particular engine/wing configuration (INSEOW in
i $GDATA) and for the particular noise components (INSHLD = 1 in $NOISIN) then the
data set $SHLDAT must follow the $NOISIN data set. The $SHLDAT data set contains
the shielding inputs for the noise component specified in the $NOISIN data set. The

- noise components which can include shielding effects are:
Noise Component ITYPE
3 ) Primary jet 1
1 ! Primary and secondary jct 2
Core and turbine 3
Inlet fan or compressor 4
Exit fan 5

§
i
|
I
]
'
E
;
3
¢
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Variable
Name

ASF

BETA(

CPSIO

DIAMT?Z2

DSL1

e e R o N R S S G i g e - ? RARESoes
Units Component  Default Description
ITYPE
deg 3,5 13. Empirical constant y

in formula for computing
the angular shift of

the apparent sound
source due to exhaust
flow. (See fig. A-10.)

3,5 Fig. A-10 One-dimensional array
used to define the
dependent variable g8
in the emprical curve
B versus cot(yy,) of
figure A-10. Values of
BETA represent the
radial offset of a
hypothetical line
parallel to the wing’s
equivalent half-plane
used to locate the
apparent sound source,
(1 == INASRO).

3.5 Fig. A-10 One-dimensional array
used to define the in-
dependent variable
cot(yi,) in the emprical
curves 3 versus cot(ys,) and
a versus cot(y,). Values
of CPSIO represent the
cotangent of the direct-
ivity angle (¢,), rela-
tive to the engine
inlet centerline, graz-
ing the wing edge for the
shortest sound propa-
gation path from the nozzle
exit to the edge to the
observer, (2 = [ = INASRO).

m(ft) 2 Diameter of nozzle
(secondary jet).
If noncircular, use
hydraulic diameter.

1,2 Nondimensional shield length
measured parallel to the exhaust
axis from the nozzle exit plane.
{L{'D;) primary jet.
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Variable
Name

DSL2

EMJ
FASS(I)

INASRO

INUSP

R S - I

Units

Component
ITYPE

3,5
3,5

3.5

3,45

Default

Fig. A-10

51

Description

Nondimensional shield
length measured parallel
to the exhaust axis

from the nozzle exit
plane.

(Ly/Dy) secondary jet.

Exhaust flow Mach number.

One-dimensional array
used to define the
dependent variable

in the empirical curve
a versus cot(y,) of
figure A-10. Values of
FASS represent the
correction fagtor (o)

in the formula for
computing the angular
shift of the apparent
sound source due to
exhaust flow, (2 < I = INASRO).

Number of entries in

the input arrays BETA,
CPSIO, and FASS used

to define the empirical
curves 3 versus cot{y,)

and a versus cot{ys,) similar
to that shown in

figure A-10. If INASRO is
not input, then the

default value O signals

the computer to

initialize the values

for BETA. CPSIO, and
FASS to correspond to
figure A-10, (2 < INASRO = 24).

Indicator to denote
which empirical direct-
ivity curve to be used
for shielding calculations.
= () for predicted
USPL versus ¢
= 1 for built-in curves
of figure A-11.
= 2 for user input curves
USPL versus PSI

ey
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Variable Units Component Default Description i
Name ITYPE j
IWED(1) 3,45 0 Array of values equal {
‘ to 0 or 1 where 1 4
IWED(2) 0 indicates that the wing edge is 3
to be considered in
IWED(3) 0 shielding calculations.
IWED(1) denotes trailing edge
IWED(2) denotes leading edge
IWED(3) denotes tip edge
NUSPL 345 See note The number of entires in
below the empirical directivity ]
curve USPL versus PSI. i
3 = NUSPL = 19. :
PSI(I) deg 345 See note An array of directivity

below angles in the empirical
directivity cursve
USPL versus PSI,
(1 = 1= NUSPL).

TSTSO 3,5 1. Exhaust flow static
temperatue ratio
(Tg/Tsy) where Ty, is the
ambient static tempera-
ture in absolute units

(°R or K.
USPL(D dB 3,4,5 See note An array of sound -
below pressure levels for the

empirical unshielded
directivity curve
USPL versus PSI,
(1 =1= NUSPL)
Note: The default values of the curve USPL versus PSI for the various components are
based on static tests. (See fig. A-11.)
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Figure A-11.—Unshielded SPL Directivity Curves for High Bypass Ratio Turbofans
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5.0 OUTPUT DATA

Output data are recorded on the OUTPUT file after the execution of each case, that is,
for each new set of aircraft conditions. The user has the option of requesting up to seven
different reports as described in section 4.1 under General Data Parameters. The
following sequence of output is printed per case when all reports are requested.

1.

Ta.

Tb.

Tc.

Total noise spectra (all components) observed at each sideline distance.
Assumptions for noise estimation, a summary of options.

First noise component spectra observed at each sideline distance for the first
engine configuration. Second noise component spectra observed at each sideline

distance for the first configuration.

Nth noise component spectra observed at each sideline distance for the first engine
configuration.

Nth noise component spectra observed at each sideline distance for the next engine
configuration.

Flightpath/observer geometry

engine/wing geometry (first configuration).

engine/wing geometry (next configuration, etc.)

Noise extrapolation corrections.

Total noise spectra at index conditions emitted toward the observer position at
each sideline distance.

First noise component spectra at index conditions emitted toward the observer
positioned at each sideline distance for the first engine configuration.

If applicable, estimated configuration corrections which can include measured
corrections, lining corrections and wing shielding corrections.

Same except for the next noise component of that engine configuration.

Repeat of 7a through 7c except for the next engine configuration.

This output can best be shown by a sample case. Specific engineering aspects of this
sample are given in section 4.4 of the engineering analysis (vol. D).
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5.1 SAMPLE CASE DESCRIPTION

This sample provides an estimation of community noise for an EOW configured aircraft.
The powerplant considered is a typical high bypass ratio turbofan. This sample
corresponds to the exampl.e illustrated in section 4.4 of the engineering analysis (vol. I
of this report). Further detail on the engineering aspects of this sample is reported in
the section noted. The objective here is to illustrate output and some particulars on use
of the computer program.

5.1.1 INPUT
This sample is composed of three cases:

o Community noise estimation for an EOW aircraft configuration using the English
unit input data option

o  Same as above, except using the S.I. unit input data option

0 Same as above, except for an unsuppressed engine-under-wing (EUW . aircraft
configuration

The first two cases use new prediction capability, whereas the last case uses the
capability originally available in the software of contract NAS2-6969. The input data
cards for this sample are listed in section 5.2.

A few subtleties need to be brought out about the data input shown. The noise
components considered in the sample are primary and secondary jet, turbine. exit fan.
jet/edge interaction, inlet fan and core noise. The data for these noise components are
input as though the noise is produced by two different engine wing configurations:

0 Engine/wing configuration 1 considers primary and secondary jet. turbine. exit fan.
and jet/edge interaction noise components

o  Engine/wing configuration 2 considers inlet fan and core noise components.

Actually, only one engine configuration is being considered although the data
corresponds in format as though there are two. This manner of input is necessary to
overcome some limitations noted previously:

0 Section 4.3.3 for variable ISW3. Only one set of empiricisms can be used in the
wing shielding calculations each time the core and turbine noise estimation module
is called.

) Section 2.4.1.2 of the engineering analysis (vol. I of this report). An error will
result if an attempt is made to estimate the inlet fan noise diffracting about the
wing's trailing edge. The error is corrected by setting the variable IWED(1) of
section 4.4 equal to zero. This error arises because of the engine/wing geometry
specified indicates a reflection situation concerning the inlet position relative to

4
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the hulf-plane approximating the trailing edge. No reflection situation actually
exists. The signal diffracting about the trailing edge is in fact negligible compared
to the total radiated inlet noise.

After the input format for the data was selected to overcome the noted limitations, the
order of i1nput for each noise component ($NOISIN cards) of each engine/wing
configuration is maintained for all three cases according to the instructions given in
section 4.3.

5.1.2 OUTPUT

This sample produced a 'arge volume of printed output because all output reports were
selected 1see variabl. LOUT of sec 4.1 The objective here is to show the pertinent
format for each type of output report one can obtain, as outlined in section 5.C. An
example of the printed output is given in section 5.3. In this example, only the second
case in S.I umts is 1llustrated. To reduce this volume of printed material furtner.
predictions for only one noise component and one observer position for the case are
shown. A complete printout for the sample can be obtained by simply executing the
computer program using the sample input data shown.
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5.2 SAMPLE INPUT

SHIELCING CHECKCUT TESTY BFR=5, T.0. PCWER(ENGLISH UNITS)
$GDATA AMACH=.2§'léTMOS=4'LPFES=lQ.?,CPNUML:lﬂ.O,CTENP=536.7'£PP=O..
HTCP=2.(CUT(H=l.2..5.‘0.5'b.7.FLR=0..ISPTPM=O.lUNIT=lv

NOBS=2 ¢y NTENG=2,SLOIST(13=0.,2128.,LLTPG=1000.,4 INSECW(L)=1,1,0%
$SEWDATA SWPTE=104,sSwPLE=284,01HEC=3.,C0S0=8.1,00X10=3.1 +C0X20=1.5 ,
DOXCU=044COYED=20484,CDY20=0,28,00Y00=2075,D0L0=4.0,C128NE=6.429%
JETU(P ¢ SHyTURBINELZAFT FANLJEY ECGE [NTERACTION CCMFONERTS
SNOUSIN MNTYPE=4 NEANG=2,ITYPE=2 NJET|=3,MC00EL=2,
APLl=64€E5,VPL=1370.¢0P1=2¢63.,A52=220.04,V52=919.9,W52=1312.,
INSHLD=1,L1AMT1=3,.90¢
$SHLEATY OSL1=5.38,0S512=3.32,01AMT2=56.42%
SNUISIN TTYPE=3,1Sw3=3,1C3=0,8BN3=110.,053=2.66,PNF3=263,,
$53=3404.,7U221478.,VIR32726,9%
$SHLDAT (MU=0.46,TSTSN=2.55,IwED(L):1,1,18%
SNOISIN ITYPE=S5,NSTG4S=21 yFPRG4S(1)=1.55,N065({1)=46,RN145=3404.,
RSSGS5{ 1)1 =2C04sFTS45=1434,LCEAS(1)=20.04,BPk5=5,,MN15=2%
SSHLNAT EMJUCa 824 TSTSC=1.05,IWED(L)=1,1,18
SNGISIN TTYPESL3,ECOVAFRF(L)=301 1.629¢.4211.054Ce15.71.785419e251590.8
$SEWCATA SWFTE=104,SWPLF=284,DIHED=2,,00SN=8.1,07X137..1 »00X20=1.5 o
COXOD=0a s LLY1ID=0,84,D0Y2D=0ad 8y NDY0DR=a75,02L0=0.0,0IANE=6.42%
INLEYT FAN ARNC CCRE NCISE CUMPONENTS .
SNUISIN NTYFE=2,MENG=2y [ TYPE =G MNSTCAD=]1,FPRE4SLL1E=1455,NB4S5(1)=46,
AN145=2340C4, FSS45(1)=300,,¢T7545=1.34,CFPR4=1,29,
LING=Ly (R4l ilEba sEDHE=3 8 ,ELUHE=1.5,FMe==-0,4,10P4=2,
TLAYG=2 4 At e=1,LIAMG( 1) =T7,¢9, INSHLD=1S
$SHLCAT IWELC(L)=Cel,e 1y INUSP=DS
SNOISIN TTYPE=3, [Sw3=2,(MF3229.2,FK3=22,4JB3=1,PP3=213.,94,T73=27G5,%
$SHLCAT EMJI=0.46,TSTCSU=2.55,IwbL (1)=1,41¢1$
SHIELDIMNG CHECKLCUT TEST AppP=5, T.0. PCwWER{MKS UNITS)
POCATA (P S=1aCeCPHUML=TO0L »CTEMP=2G0.2,1UNIT=0,
SLIIST(1)=0es648.L4ALTPG=30C4.8%
$ScwWDATA CIANE=)1.G5T7S
JET(P + S}, TURAINE ,AFT FANLJET EODGE INTEFACTION CUMPONENTS
NCISIN APL=,618yVvP1=41Te64WPLl=119.3,252=1.862,V52=228044+1W52=595.1,
DIA¥TL=1,2C7s
$SHLTAY CIAVTIZ2=1,.65T7%
SNCISIN PMFf 3=211943,TU3=821.1sVTR3=221.6%
SSHLLAT §
$HOISIN ARFAS(1)=1.862%
5SHLTAT ¢
SHOTSIN ECOVAR(3)I=1.95T%
$SWUATA CIANE=1.95T7%
INLEY FAN ANC CCRE NGISE COMPONENTS
$HOTSIN DIAYa(1)=22.344,CF4=340,2,FNH4=1,158%
SSHULCAT ¢
$NOFSIN TT3=15%2.P2,CMF3=13,249%
SSHLCAT ¢
SAME A5 TeST CHECKUUT WITHGUT SHIELDING AND NO LINING
LGOATA IMNSTUW(1)=C,0,0%
JETAPEfaeY ARND SECCNDARY ), TURRINELAFT FAN COMPONENTS
$ECISTA NTYPE (4, INSHLD=0S
S$LOISHEN 8
LNOTSIN 8
$HOTSIN ELAGVAKI2)=,.3%
[INLET FAN ANC CCRE CUMPONFNTS
SNGISTM LIN4=04,INSHLD=0%
s ISIN 8

57

Ak

P .

\

e




. ’
1 “03) 10¢3216%2 = 33NV A3 ¢° Z(43991°¢ = vdal iv 33Nva ¢ "G **Wd9d®3d3a"ON3
335 €21 fZ05~ = SLIWYY 3411 ONV QONd 1°%6  *1°9s = INGI1 XTa/NIA ND C35V8 216 = (§39d3) Ind1
J3S 8°9 fet%- = SUTALY 3l 3NV adNg 9°2% 29008 = g X¥a/la N U558 LT6d = (63INd3ileINd3
n* 24 L°6¢ $°91 L1 L%y $*9 CRAR) L2de 1°2 5 (A L= ¢~ §6- 28~ 9°¢l- 987~ (I35 I8
PAKE] 1°62 L°18 [T w0y [ 3} 65y 6°78 9705 L4 1*%6 6% [V L8 YLt oc 1 9°96 (834a)INdds
§*Z9 §°2L L6l €23 z*28 428 g°28 1" %8 6°38 i°16 L4 Z°16 €6y L°tH LAP¥ 1°04 L°%S {BONG)  INd
07041 0°0%1 0°0ST  0°0%1 07°0f1 (071 270Y1 G7001 07us 008 Grul 0°C9 0t 0% GouYy [shde19 [V 4 2401 {5521 1x
! L*Y2T- €°%4— 2°tE~ 6°8- 64~ [ 2 €761 [A-¥4 2792 9 ¢2 661 [ L05- G*CE-— €°05- 9°57ZZ- 10+302C0-1
L*E51- 2°539—  1°6~ (At L2 geoel 907 9°07 27y 60y £°o€ LR 9°52 Gyl hty— §*lu- 3°6%1- 0l+43(%671
BLGT- 931~ 9°91 122 762 [P¥4 [ ¥4 £°9¢ €l G hy STee  1taw zoue 0ty7 321 I*al~ ®101- J0e3,1C°9
2 11- 6tf- AR ¥4 IE1Y 9rce 2 ag et 5%3y LN IR s PAE L geoe £ ooy [ 2~ [T Ohec1lS
* 1°26- &°t 1-2¢ [ 8 0*6¢ L€ H°6€ 99 9*ng L9 Lo%s € 0% LR 9°n¢ 6 Y wvg (AL X4 ceiivef
Love-  »°¢1 $°9¢ 9*gy " €1y 119 veey SRy (14 v 66 829 [thd14 L1718 [Pag 1 4 of 5°¢€l 1°6¢- [FIVEERA 3
1=61- 1°22 1°2% 1ot 1°6% £*0% 925 145 g9 1°99 $°09 215 0°¢s 50y S 1€ 6°12 v al- 0C+3215°7
, = oyen 0°s¢ 2°06 195 Hreg 1°6% G 6y g°e5 0°02 w23 1*29 £°09 LTLS [ 1 124 882 AR TS 0C43u86"T
; = oy §°2¢ 294 g°14 $°CS 116 LT16 6766 0°19 0*69 1°4> 2°%9 929 (2414 6°9% 2 4% Ln 05+3686°1
A qegr Z°§¢e L°15 6745 4 5 {q 1°44 PR A 6729 €L $*6 1°L9 [°%3 [ 44 v 1r5¢ 1 gt [T A ]
oy 6149 1°¢5 6°5% 2755 L7466 595 H756 LA 2 07 T 1L 5°0L 1759 829 7°5% 1o es L*02 0G+3)00"1
o T L5 HUES 6°LS v L 616 9°RG A£°19 9 49 [ 249 L°GL L°6L “tyl S$*99 A LR 92 1C-3i=%"L
3 Q orue [RgR 5°66 6% 965 1709 L0 0°3¢ 6°6L Z2-9) 6° %L 4w eL [T g5 1°0 tere 15-331¢°%
4 S P2 615 6°85 029 g1y £-29 5729 1°69 48 '%3 9°61 99l 1°¢s w19 [t £ €L 3°6¢ 16-3212°% mm
; - LYY qhg L°t9 099 099 G 49 3°59 “°99 667 9eq. bl 9°92 vo52 167 [ e (344 d°6f 10-31a%"¢
A, t°8% [ A9 0" %9 0°9% 1°97 3°99 1°09 HTB9 €T L5l 1-9L 1*9l 9 2L 843 L°¢7 | 32 13-2291°¢€
B M $* 2% €°903 193 8°13 2°49 449 q4°89 9°57 1°12 0°EL ReEL 6°21 [ SR ¥ a°63 8°¢9 6* A 9°Gy 10-3218"2
rw < £°65% L1729 6°L9 69 1°04 9°UL $ 0L 1°1¢ 2 1L 2*2L o€l 921 LA W §°39 [SKN) 9 U9 1°8% To-3866°1
) g*Ls g% 569 1°1L g 1L 0°cL acel (A4 B2t 92l [Aa Y] 1 el o°2¢L 963 1499 f°13 £*0s 16-3685°1
L 66 6°33 0t 1L I 2L TreL £°fL LA GUEL EARW2 074 L€l (SR 621 €0 1249 0°¢9 2°2s 10-34¢2°1
M uers €35 9*ZL o wL Zony Z°vL £°y1 PR A1 LaEYs woui Goel L€L §°2L 6°0L 1% 2099 Zvs e Nokef (i
E L) 6769 2%l 2°6L 6" %y LT+ I ¥4 6oL Lyl LAY 2 =L 194 £ €L P P8 £°69 (R E] £°9g ZC-51%6"L
. AR T) 3L 1°52 1°9¢ €°5L 6 9L 6yl Loyl IAKY LTEL LTl £ 9¢ LofL §°2¢L LSV 9°59 gLs 2u=-301¢€"9
0°59 %°2ZL €°9L S*9L %°5 (24 78 g%l Lol Sy €L Z°nL 1°%L $Ued €°2L 2°Cl £°99 8°LS 25-3210°%
("W°DS/5=-Dd31lwW GZ *3x §2) L74%)
J SI3A3T 38NSS3dd INNIS AdN3n03dd
,’
b "A 20+4396%°9  =3AN0LSIU 3NTIFNLS LV vald3dS (O3AW3ISED
A (SANINDIGADD T19) 5SION 1ViCL
§ ¥/ 0W/dA (SLINN SYHA)eIMOd "0°f *S=¥qd 1$5. LNO%23HD SNIGI3IMS P4 *ON 359D
*22/%0/9L
b NOI14i21234d 3SION 1dvuddlv
3tva VOEE33L WYiOldd

et

SEPRPE




o

1
!

o i i

€L°8Yy
£6°2

1L°9¢
2

Z%°82
3" 1

0°s
941

. A e R AR LR 4

1 31nCIA NJ1.IVedINT 3023 137 (3
1 3INTIw N74 11x3 10
1 3NC0A NEd L3WND INT 2N0SS34040) (D
2z IINCIA INigeni/:cld (8
1 300w 130 AdYCNITa3 3W% Azvalzd (¥
S3wll 40 *ON 033331S%03 3443NDae03 3SI0N (9
*OV3IiSWI 7THID3dS Q1304 334 DL Q30T €3 €
ON sececerecssercvocacse \C11931420 (W0 49 1D c
THHZa® FI) INIVNMID ST NOTIVO7aled SNANS .
S3A  Trresseceseses ANGIIUANILILY INACEO-VBIA3 (3
S3A  ttreescecececsers N3[lgulSeV D!oIndSJalV 1B
S3IA  Cereercesceececes 53 30e3A13 IW)Ir3AdS UV
NI1I¥I0d9535X3 3S1IN Ni 2323013830 Sa2il (&
(HY [Jd 00°0L *°*Aiv 00°1 % 930 02°852) 40 3¥3HcSTAlY SADINIICAOH
SNOILI3NID D[e3KaSONIY (€
b4 5661 cE*sl 2021 946 LY 06°% 994
311 26° €0 O 4 e 67"

(W¥/ 6G) SIN3IZI4430) NOV1g¥I3dv

10430001 OC+3€%6°L 00+30T€°9 C0+3Z210°S 00+3T185°€ 00+43291°¢ CO0+J21672 0043666°T 00+356S"T 00+3662°1 OC+3009°1 10-3E€%6°L
10-301€°7 10-4210°9 10-3186°€¢ 10-3291°¢ T0-3215°2 10-3666°1 10-3686~1 10-36$2°1 10-3003°1 Z0-3€46°L 25~301€*9 20-3210°S

7Q/G47 A
*22/%0/9¢L

3.¥Q

(S1INN SHW)YIMOL *

NOI121034d 3SION 804 SNOLidANSSY
0°4 ‘$=ud3d LS3L1 INOX%JIIHD ONIGTIIIHS

NOT1D1334d 5S10N Livu34lv
VOtg33L wVv¥Olud

Jl834aS0alvy (2

(ZHX) S3IININO344 ONVESSVD Nu3IW-I1383403D (1

t4 *ON 3SV)




LA - ’ ‘ . ’ ! hGs Pvﬂ e i bad s R
i . 3 e a——— s ~ RN
@ *030 TO0+3216°2 = 3JIONV AIT3 ¢°A 20¢3991%L = V¥dd IV 3ONVY ° *0 =WYVd 834" ION3
23S 9°G1  ‘*B8*€- = SLIIWIT 3«1l QNVY 8ONd 1769 *1°06S = INdIL XUr/NIA NO QISVE 9°29 = (3ANG3) INg3
23S 9°01 ‘8¢~ = SLIWET 3Wll QWY BONd T°69 “‘1°6% = INd XVR/NIA NO C3Sv¥8 9°13 = (93Nd3)e ING3

Chanas

L A4 L°s2Z $° 9T L1 L8
Q-0 [ 334 Z°8% 6°95 0°¢
0°0 L2 0% 1°L% 6°9% 0*¢
0°041 0°0%1 wv°0s1 0°0%¥l 0°0

s°9 8% 4 e 1°¢ 8° 9= Lol €°¢- €°6~ 2°8~ 9°€l- 382~ 3351} i
9 5 %9 L*°69 *2°L9 6°83 1°69 Z2°89 [ L=Co 9°4g 9°GY 6k 3°0 (@UNd)INGDL
9 StH9 1°69 Z*L9 5789 1769 2°49 $*s¢ L°09 g°%s 0°sy 8°le 00 {eavd) IWIN¢
€1 0°021 o0°0lt 0°201 0°2% o°os 0°0¢ 0°09 0°0¢s 00y 0°0¢ 0°0¢ 0°0t t230) 1x

1*052- 8°601~ L°€6~ 0°%Z~ €°9- 6%L~ LA A I S°8 y°21 2°01 8¢ 6°9- 2°€2- €71S- %°101- L°062~ 10430001
\ €°9Ll~ 8°[9~ 6°92~ S°%- L°01 T*q Y01 %61 y*22 6762 2°%2 6761 211 1°2- 1°62- %°€9- S$°Gl1- (00+3e%6°2
6921~ ¢£°2%- S8~ 6% 922z 661 1€ 9Ll L7t 6*6¢ 1*%¢ €82 %02 1°¢ 6°6~ 2°0%- $°*RZI- 00¢321€°9
406~ L°12- 2°& 502 Y°1E 2752 £°82 1°2¢ 6°9¢ 2°5¢ 8 1t %°€C §°92 LN 1 9°492~- 2°G6- 00+3210°¢
. €°9L- 0°61- 0°6 € €2 £2¢ 8v0¢ €°1¢ 1°%¢ A1 Z2°0% 0°6¢ [eR 12 9 8l “°61 4y 0°61~ 9°18- S0431886°¢C
6° 4G~ 56— 3*%1 [Sha'74 8°s¢ (VA9 [ 11 l°LE $T1y 8°2¢% L1 rAd 13 L A4 242 2° 1 R*8~ €°C9- 00+3231°¢
T 1%~ 61 0°s61 s ¢ £ o€ €8¢ s 8¢ 6°0% 6°¢Y L%y LoEY P thed v°S¢E 0°82 §°91 8- AR A 00+3216°2
692~ %<1 (a4 G4 " Z°0% 6°0% £€°1» € ey LGy 1°9% 2°sY 92y 9Lt 4 °0¢ %°J2 y°s 9°2€- 00+36s06°1
6°5l- 2°21 [ 4 6°6¢ 914 82y St ey °6Yy 1°Ly o Ly 2°3 6 ey £ b€ 0°€g [ X4 ¢ ot ¥y Zz- [ R FITIRA
%" 6- 16t $°8¢c SoLE L°2% 94y LA ] 89 1°8% L°1 1Ly 0°s% L*0s [t 92 s 9 291~ 0J3¢3562°1 o
1°6- 761 €62 8°8¢ S*e CA 89 0°8Yy 8°8% 7789 Loy L°6% 21 Z2°9¢ €°8e L1 L a9G+3030°1 O
g*- s°31 L°0¢% g6t 2%y 89y 6%ty 6°8% LA 4 SRy 0° 8y 49y (4 ] €°lt 0°0¢ 9°02 R 1G-3e46°2
N A% 0*0¢ €°2¢ 2°0% G Yy L% 98y y°59 959 L°8% 1 g% L°9% [eAd 3] 1°Re LAREY 922 2%t 10-301€°9
: b3 %°€2 8°€E 6°CYy L 4y 9Ly 26y 6°6Y 0°05 - 8°g% £°8Y 65°9Y yoEYy 1°8¢ $°Z¢ $° %2 5°9 10-3210°§
611 1AL T4 8°%¢ 214 5% hYy 6°L L76% €£°0¢ 1°08 L°R*> LA A4 6° 3y LA 3 2°6¢ €°¢E 6762 5°%h 10-3185°¢€ -
£yl 1°22 LA 22 2t 1y 1°6% 0°g% 66y ¥°0% 0°0% 1°8% y*8% 699 Lty Y 6¢ 6°¢C 6°92 121 10-3291°¢
6°51 &L L°6¢€ z2*1y 164 1°8% 667 ¥°0$ 0°0% 1°8% ETOY L°9% l°ey 9 6E LA 2% g°L2 pRA 2 10=-3215°2
0°LT €°9¢ Lvsz Q1% 6°4% 1°8% 6% 6y %06 0°0% 8% [Oh:1 4 $°9¢y 9%ty L°6¢ 8°9¢ §°82 3°s1 10-3566"°1
821 Az L°s¢ L°0% L*9Y i°8% 0°*05 ¥°0¢ 6°6Y LAl 8 Ly €9y S°Cy 8°6¢ Z2°5¢ 1°62 1t 13-3565°1
®°31 L°82 S°6¢ »*0% LAd A4 6Ly 6° 6% €°0¢ L°6% 1°8% STLY 0°9% voehy 66t q°S¢ L°62 »"81 10-3s62°1
8°81 1°82 €°6¢E 1°0% 0* 4y 9Ly Lo6Y 1*0¢% b 54 8Ly 2 Ly 8°S% £°EYy 6 6¢ L°s¢ Z°0¢ 5°61 10-2000°1
691 8z 0*s¢ L°e€ EAR 4 € iy A -3 4 8°54 1%5% Sty 6°9y S 4y 2°¢% 0°0% 6°S¢C $°Ct £°02 2C-3E%6°2
681 z°8¢ CAR 27 €76t Z2°e* 6°9% 17064 S*6Y Lg% 2%y $°GY 2°Sh o°cy 0°0% 1°9¢ 6°0¢ 112 Zo-301€°9
181 6L 1°%¢ 6°8¢ L*Z% 994 1*8% 1°5% [ -1 4* 9% 1°9% 6°Yey 6°2y 676¢€ 1°9¢ 0°1& 9°12 20-34ZiG"s
- ("H*OS/N-03431Iw 07 °34 @) 2:)
M ST3A37 2:nSS3IYd QNNIS AJIN3ND3 84
W 20+398%"9 =3IDINVISIO 3INIIIOIS IV VIID54S I3A¥3SeD
3S10N 3nIgENd
SAININOGROD NOITLIDVYIUINL 3903 I13M°*Nvd L4ve3nNIgyNi* (S + d)iar
¥Q/0ed/dA (SLINN SHW)JIMOd *0°L *S=da8 1S3L AAONIIHD ONIQTIIAS 4 *ON 33v3
“Z2/%0/92
NOI1J133dd 3ISION idvaddly
31va v0eE33IL wWv390ud




¥ = a6y g < i - . s - T 2N
4.
1y
) Thesp1a? TueigT,? *J A i *6 con 17
Tuviitwe 10+ 18w b Coe. . £ - [
Tos,368°2 1C*375¢72 . e N 9l v -
TussitTure 1913172 " T “u 1°9- L.
ToealCa®t TUsalony e} Joe pgol+ 0~ G~ £76 -
10¢3ins°1 TO~35.u6°1T ] §Ce vl ] $ThH- €5 -
1G+30dc 1 1Gea6d2°1 ¢ e *3t $el- P g
GCea%0E 8 U0+ %Iy bl e *5¢ 761 - 3=
V0+3sEl Y QL+ IGE2"Y *0 e TU+2%90° 9~ *ul Uy - ¥82-
(*314) (°9535) (" a) (“a} {"A) (*233) “ila¥ “lid
J vilw 1 vise X143y d dunLsi ! A 1x Chias INUS
NIVLIVILUY4LXY 3SION dud S3TONY $U4.8740 NDODLOGVe 20 SIIYNICBLSD J7¥ ERDLY 1335) 3ai
’ “n 20¢343a5°9 = Ux) G0NwLsd ANINICIS
106+3500"1 1C+3006°1 “9 [T Joe sk tg e ingitl YO g
Tus3200°2 10430002 o] IO R R PRI L R TLe ety MR TN
. {0+30C0°¢€ - T0+3C00"°¢C vl Zies950%9 I3 ZUNI6LIT ‘a6l Ve
Tu+30069°%% TG+ e} [AOLIE PV R 2. CLvsdteTy Toel e
1J+3000°¢ T0e: °2 S ininTy Z. 2oe R, Tl P
T043300°73 1C+3000°9 ] Fuelylsce Jo L3090 71 VR | ey
P 1C+3uu0°L 10+30uuL -G LA T ANY i JUessd17 MR Ty
* . 164300073 L 1C+3050°8 *0 Zie 498737 ¢ 2 IINE L FR MPIVE L}
10+3200°5 10+30007°6 *J C+35%5°¢€ '] e *3s [
Tu+2000°8 Tu+3G00%d *J 20+ 5%50% ¢ Z 10¢3%L8 "6~ ‘8 -
" 10+43000°¢ 10430302 *0 [ ELL YRS 2 Ce3rnlel- ol Fa -
N 10+3000°9 1u+3000°9 2 Z0+3225°¢ Ju .9 Lt i
3 10+43500°S 0 20435l s" Y 20 TJn e
i 13+33C0°Y 10¢32C0°% 9 Z0432%L° % PEIETE RN Tow TN
m 10+30Co°¢€ 10+3000°¢ *d 2375309 Z0+3RG G C tot STe-
3 16+3000*%2 10+3000°2 -0 20+3215°8 Z0+3¥%G" ¢ Y ERAUE
2 10+43000°1 104300071 0 €0+3555¢2°1 20edhn0"¢ =0 o= 1°2i-
R {°933) 1*930) [ ] (A} 1°w) t°u3) “liax
N 2 viig 1 vi3g "X343u°0%O d 3INVLSIU P A Ix NS
NITLIVI0aVd1Xx3 3ISICN ¥O4 S3TIONY ¥04 a/dd NOILvIvdOud S31UNICGaCDY 2/v 319Ny (2331
) "W “6 = (x) 3INVISIO 3NIT3CIS
4 (d) 301V3 ¥3IAD N31ivOVd34dd INHIS 803 Sam Z20e3¢9%°C = ANOACS 40 C33dS 307 43A%
g (d8Z) iV Sdw 20+329%°¢ = GNNGS 40 Q33dS ¢ (Q2) LV SdA 20+329%°¢ = UNASS 35 235dS
w W 0 = (Y7) LIHDI3H E3ANISHD *0 = L AV A 20438%0°C = (0Z) 1nD134 14Valaiv
I 42 *19* 2 3¥od 0 = AN3IQVYO CER T R 10-4006°2 = ¥3QWNN RIVe L3vedaly
%
m W *0 = 3CNLTLTY L ¥loslv
3
3 .
_JN, Ad L 3WO3ID ¥3IAS3ISBI 4/ 41LVd LHOTT 4
3 V3700 /A {S1INN SHW)J3IMOd *0°L *S=%de 1S31 INIYNI3ZHD ONIGIIIHS Zz *CN 3S¥D
) “2z/%0/9
b NOILDIJd8d 3SION Liviaddilv
) 31va v0Ee33L WY393ud
:
!
[ a .
s
e . e - — - - e = R - - .




T T T A I e Y
1
§
.
Q0+3g¢ 2y 0044362 *0 €0e3421%
0C+3499¢ g 004543 g ] €0+3550°2
10+38¢22°1 10+3822°1 ‘0 €£0+38Ev 1
E 1C+3286°1 10+3285°1 "0 €043611° 1
F TO+3105° 1 10431061 0 20+4356¢€ "o
LO+3191°2 10431912 *J 20+3512°9
To+336e"2 10+396¢-7 =0 204392972
. 10439242 10439042 ¢] 2043122
3 t°930) {934 (")
E 2 vide 1 vi3g "XI434°045 d 3INVLSIC
N3Tav10dveiX3 35iION d0d4 §3IONV 804 d/d0 NOLIvIVdOud

"22/%0/91

3Ltvg

. Ao [ e P YT T eIy

2034690 € £0+3690 "y
20+43b90°¢ €043596°1
20+3g%0°¢ €0+3142"1
20+38%0"¢ C0+31%4°8
20+384%0°¢ 2043156
2Q+38%0°¢ 20438¢C1°y
20+39%0°"¢ 20438092
20438450 ¢ 20+3%92°1
{°W) (°A) (
2 A
S31YNIQ3002 /v

AdlL 3 W03 y3IaAg43 s 80 7/

A 1vd

NOILD1J3dd 35108 livaduly
VOEE€3I3L WVY3Tda

W 20+398%°9 = {X) 3INVISIa 3NII341S

L HO 11 3

VA/OW/¥A (SLINN SHWIHINDG *0°y ‘S=udd 1531 IN3¥33KD SNICI3IIHS

S W s Tees

YA
c391
TR
to%t
U
"3zt
ottt
el |

"3d3¢C)
Ix
319NV

$° 0% %°cs
961 T4
21 $°91
$°8 L1*11
0°9 4°8
1" $°9
a4 [l 2
€1 LASY
*1lax °J33z
aNnos aNnos

(235) 3wl

4

SON 35V

62




PV T O  EE 4 ORI I

Ny

6Z* = 0/ 2A %8° =3/ 1A sL* = 0 /7 0A

199IM 0L *Y34 312709) S3DNwiSIO IvDILlw3A

0s°1 = (0 /7 X 01°¢ = 3/ 1xX 50°0 = 3/ 0x

Z(ONIM 01 =733 3IT27IN) 3ONVLISIC Tvixv

o1°s = (UJ/S) dli ONIN OL *4SIQ 930 0°¢ = 39NV TIVadIHTD ONIM :
co % = (G771} ALON3T 3INION3 03¢ 0*8Z = 39NV d3INS *3°)
W 96°1 = Q) "v1Q 3VZ2I3N 935 0°01 = 3IONVY 43NS °3°)

Ad¥d1l3IWI3I9 NI HMH/INTOINSI

S8 A e s AR A A T

SININDGWOD NOILIVUILND 3933 LIC'NTY L4V43N1guni® s ¢ dilafr

v3/70n/8A (SLINN SHWIYIMOJ *O*L *S=da8 1831 1N3%I3IHD ONIQAIIHS 14 “ON 3SV)
*22/%0/9L
NOIL2133dd 3SI0ONV L3vaddlv 3
31va VOEE331 wWV3OC4d




coLl

sl
$° 68
HoH9
6°5%
0" 9%
[ 21
692
1°12
9°31
1°el

PR

. .
el A NANM TN OO O
-

WWwOMOOON——~ NN
.

wn
.

“091

L°6S
hogy
L*2¢
[ -¥4
€22
LAFR
€1

DO M D= D0MNMOP P~
.

-~ NNM $ N O DO

b

MMy n~
L I

*0st

6UY
L od
%22
el
£°61

-
-

« s e

¢ e

.
-t e NN W~ O

PP OMOON LN
]

NNM YO
L A

cout *091 *Ccst
£€° 2L %99 1°€9
6°99 0°6% 1°65
VG/ON/dA
*22/%0/9L
3iva

"0%1

Lo1g
1°e2
9Ll
s el

-
—

PN NMm A
.
e AN N~ O

*o%l1

co¢l *oe1 °o1t ©001 *0s °08 0t *09
922 9%el L*1e 1°97 Y02 74 [ 4 9 el
861 il 8761 1°st &1 1°61 £°s1 2Lt
CAR A 6°21 6°11 *°11 Fa ¢ 41l 6731 62t
€1 001 Z°6 5°Y Ly g°g 26 ¢°01
0°01 §°8 1°8 62 Q%L 3l 1°8 €°6
2 6°9 €9 09 0~9 0°9 L9 6°9
1°9 %5 0°s LY 1% Ly 0°6 LA
ey ey 6%¢ e Lt L 6° € %Y
B¢ [T % 1°¢ 62 6°¢ 6°¢ 1°¢ £°¢
0°¢ 92 9*Z €2 £€°2 | e vz g2
€z 12 51 [ 871 81 6°1 1°2
61 9°1 5% v ¥°1 21 sl 9°1
I ¢ €1 21 1 1°1 1°1 21 [
21 01 5° 6° 6° 6* [ 0°1
6" [ 8° L= L" L* 8* 8°
L 9 3* " 9° 9° y* 9
9° S* S* s* L s* G°- s*
1 L2 b k- 9 9 L & ”°
L2 | 9 €° € € [ [ 3 €°
€° [ Z2° z° e Z*° z: €°
4 z* 2 Zt z* a* [ z2°
2° F4d 19 T° 1° 1° 1° z*
1° T 1° T° T° [ [ r-
1° 1° 1° 1° 1* 1° 1 1"

tea)
NCILVNNILLY 13A3T F4NSS3I4d INNOS

*oel *021 o011 *201 °Js °08 0L *09
Y*6s %°8¢% 9° LS 2°Ls 185 2°Ls 9°LS 4° 89
0°2¢ 6°06% Z2°0s 8°s% L6Y 8°6Y 2°0s 6°0%

{6C)

NOILVANILLY T3A3T 33nSSIud ONNGCS

SNJI:33d423D NOI11Y13dvdlix3 "3SION
(SIINN $YR)I¥3IMI4 "0°L *G=ud8

N3112133d¢ 3SION 14vadulv
Vo€€33L wvHud0ud

4S3L 1NON23H) ONIOI3 NS z

*0s ‘0% *0¢ 474 ‘ot (93U)
1X 370NV
99 LTt 8°0% L°6% »°LT11 10+3030°1
v 61 1€ L*62 4ty §$°¢8 00¢38495°%L
9°%1 %Ll 92z L*2¢ Y59 00+321¢€°9
€11 s el £ L1 £°¢2 5*59 2343215°
0*01 6°11 £°61 £€°2¢ 24y J043165°¢€
8L £°6 6°11 vl £°45t 00+3291°¢
1°9 €L £°6 9 ¢l 5*92 J0+3216°2
8y L°S €L 1701 1°12 00435561
8 ¢ Sty 8°S %°8 391 00+3586°1
ot [ 41 5ty 1°9 1°€1 32+3562°1
€2 8¢ 9°¢ €°s »°01 J0+3530°1
&1 22 8°2 2Ty 23 10-38%5°¢
61 g1 €2 €t [l 13-301€°9
2°1 %1 -1 9*Z 1°s 10-3212°¢
6" 11 v 1 1°2 1% 12-5186°¢€
L* 6° 1°1 9°1 2°€ 10-2291°¢
9- F 6° €1 R4 12-3216°2
s 9° L* o1 o 4 10-3656°1
9 LA 9" 8 9°1 10-368¢°1
[20d €° ”* L £°1 12-5632"1
" €* v 6* 21 T0-5CCa2°1
2 r4d €° LA 3° 22-3(%6%¢L
T z2° t4e € J° 20-331¢°*9
1° 1 2* [ 5° 20-3210"S
(IRX)
AIN3IND3d3
W *0 = X434 NO11dd358V J1¥3IndSImlY
“0s 0y o€ i 24 *01 (93Q)
I1x 319NV
%°6$ 6°07 1°€9 4°99 €2L 20+398%°9
0°2¢ $°ES L°SS 0°6¢ 5°%9 °0
{°w}
X

(SONVESSYd 11v OL SATddV) 3IINIDUIALD 1¢d1uiHdS

“CN 3SVv2




Lk

¥
‘
.m

!
N
§
i

- OV NN M

CNOVO O
.

‘oLl °091

€°9LZ €°0%1
1°102 1°2C1
S°1s1  6°9y
€L §°6¢
»*€01 626
L°08 6°0%
1°e9 1°2¢
9°6% 2747

3°6¢  8°61
8°0¢ CARS
€°%2  %°21
€61 86
Z2°sl 1L
1°21 1°9
9°6 6%
I°L 6°¢
0°9 1°¢
g*y 42
$°¢€ 5°1
0°¢ s°1
y2 2*1
6°1 01
[ g°
Z°1 9*
VQ/0n/4A
*22/%0/9¢
3iva

*0s1

C*95
5%69
929
L°0v
6°6¢
0°82
5*12
2Lt
3¢l
{701

oMb e oMM N
.
el M NNM TN OO

&+~ o
LRSI

I
Iz
z-
'
1*
-

0%l

9L
€5
65°0%
Lo
6742
a1z
et
yogl

L

.

.
NN ND DO
—

MO M O et OM N DN
.

MmN Q0
« 9 e

*ogl

929
96y
|2 25
992
kAR ¥4

[ 2

L)
o]
—

CA NSNS DO N
.

et NN MG N

-

%

(SLINN SHWIY3IN0d *0°1 ¢G=dd3d

oo ocCco
v
OGO COo

‘0zt

L2834
€0
7°0¢
[ ¥4
L0z

P A} [
et NN O N O
o~ —

WO NN FaT NN
.

N0
L

[ et w0
[ VY (VRSV}
u*C Lt [FRRV]
G LG ot0
(VY] VRV 0
0°o [ehae! G0
a0 60 0°0
te1)
NUTLvNN3LLY 13A3Y J4yNSS3idd ONNOS
*ort *201 ) ~08 *oL c09

T°1% 1°8¢% 0°8% L 8y 1*1¢ L AR 1
(A3 $°6tE & 7E s°6e Z°LE [
0°82Z 1°3¢2 €% 32 L9 0 y2 4°0¢
1°1Z 132 L VT4 L1702 T w4 s €

T°61 2731  0°81  2°81 1°61 1-02
651 271 ©*%1  2°%1  6°»1 291
VRSN EE 0 NN L2 R RS § ARV § SENVEPS
2°6 1°8 98  1*8  2°6  6%6
2L 69 89 89 Z°L 87l
AT T A TR TP & S LX)
Sty €T 2w €% sty 6w
9°f  wt€  €°€ w97 "€
§°z  i*Z  e*Z 1z 8'Z 1€
LA N E N £ A P A
8 1 L1 PSS SR LS S 14
971 €1 €1 €7 % T set
150 SRR ES SR L ISR S 8 SRR L3
6° 8° 8° 8° 6° o1
L i L L L- 8°
9+ s s* 5* 9* 9*
He A LA v v s*
e £ € € " Y-
€ £ € € € €
z° z z- z- 2 z°
(80)

NOILVANILLY T3A3) 3¥NSS3Iud INNGS

SNDI1234432 NOLLvIOdvdLX3 3SION

NJ112133dd 3SION ldvaddlv
VOEE334L WVdI0ud

G*29
964y
€°9¢
9°92
LS ¥4
[0 |
€41
2 11

et NN Y N A

+

PN NO O
.

a

v 204398%°9 = X ¥]4

LS31 LNI®J3HI ONTGIIIAS

z- 8°
7 e
z- L
2- 9*
1 s°
e o~
1 e

10-3656°1
10-3506°1
15-3662°1
10-3000°7
Z0-3€%6°L
20-301¢€"9
22-3210°¢

{Irin)
AJIN3ND2d3

0 = X ¥Od NOLIVINILLV-ONNOH9-Vvalx3

A4 "0t

9L G906
[ 669
65°0% 9°2s

-l L°0%
512 6°5F
8§12 0°RZ
A 6°12

AR ¢ 2Ll
$* 01 9°¢1
g 2°0%
9°9 s°8

2°s L°9
1°¢ €°5
£€°c 2%
92 €°c
1°2 92
9°1 1°2
[ | 171
o 1 €1
8 0°1
S* 8

1 L*

v [

| 2 L O

*o2

€041
1201
6*9¢
S6s
2%
6° 0%
1°2¢
252
R*67
9°51

. [
et NN ONT N
—

v e oe v

ODONNEG$ ~0 ¢t DO
0

"0t

"6l

NV T ONWU WO
3
Mt NN 0NN

(03C)
Ix 3VINY

1030001
S0edCeL®y
0Q+301f€°9
GJe2210°¢
JJe3186°¢
J0+3291°¢
JC+321%°2
00 3666°1
3243686 ° 7
3Je5652°1
JT43000°1
16-2¢%6"°¢L
12-307e"®
10-3¢10"¢
10-3168%°¢
12-32%1°¢
10~-321¢9°2
10-3655"1
1y-3¢3¢°1
13-3562°1
1G6-3000°1
ZI-3E%5° ¢
20-351e*9
Z0-3210°¢

{Zrd)
AJIN3INDIY3

NJJ1ddJSOV J183RdSImV

4

“ON 3SVD

65




T I T i AR A s el g ;

3
9 WO MOQONMFNG TS TS MO DENCONDOD~ NP ON S
. L I I I A I R R R I T R Y . I O
~N o MET LN O~ BT DT @ T o " N Cr TP N Laadionl
w o ND ~ - ?
- NN - 1
el -+
o o2 -
N BONIT VOGN TOBNINN N NNGN Mo Ot D PN NT NN T AW
0w LN L D R T B R I R I Y A N Y L LU I I R T R T T IR Y TR RN )
i ~ > NANNNNANMMANSMN MM m o SNNOMEFNNOO DT DO é
; 2
3
p
3 TPONNMINITODOOG LI CNEC TN OO T~y O
- D N N T T T R S S ) L R
3 B I I B R R T T g [«] e N M P GO b
w
. =
F I BB R Y Ve T R Y Y 2l 2] CNM DD~y O ~C e
T [ L I I D D D DR R RN B SR ) . L I I N B e N N L T T T R
‘ o e N B NN MM e
ied .
-
COO0OCOOLCOCCQOO0OOCOO WO MNP CCNLE T g O
b e T e s bk et o et e ey . L I O T T
DOCOCLOOLCOOOOIOOOOO o e N oM Lol
3 a ]
- :
—
z CO0DO0ODOOCCDOCOOOODOO PO~ N C NN O
> 4 0 % 1+t e s s e e st 1 e . L R
COOCTLOLODLCLODOLOOCO o et e e e TN N Ay Oy T
v o~
x -
b 4
@ COQODULOUOOCOO0OOO OO VDCO N NITOP v g O
w R O N R N . L
s COCOQOOOOLOOO0O0OOLO o Rl I B I B BN BV R VEF VIV -
=
a - . 4
' . z z +
! o o OO0V OODOO0LTOODOOD 0 WD ONT N~ DG e~y O
k v own - v e e e 0 s A R ] . — L T T e
- oz - CO0O00QLVYWOOIVLDOWY © - ottt -y g Oy
<4 a © <
. Z - -— 2 >
- o W - < z
[ - - “w w
Lad o w e COCOTCULUOOOOOCOOOD - VDO~ NAND~O oM N
v o a o - R R R N R I . [ L S S
. g; & e < OCOOLUODLCLCLOOLLOVODCOCC [=] < B R R VN 3
(=) L2
~ow o - -
o g w w
wa - oz > - > -
s Y w v o oo [sli=RegoRelofeNoNo N NoNeoRoNol o N aite! w O CCONMENM L -y IO
W e -0 R R R . —40 T 4 e 8 b 9 ¢ e s e e e e " R
R [ ~ 00OV OCVCOUOQOGCUODROU o - PP p R T RO 3
X - < wi © w
< Q [ - o o
o o Z o (o] =1 2
g O 0 @ 73 v >
! O b3 " 3 CO0COOQCOOULRDOCOOOO (%] N ELPO~NTNOEL P g 0T .
[ SR 4 w * * 8 & B e 4 3 ¢ ¢ e v et oaoe g . w L T T T T S Y K
] Q-1 e - & COOCOCCOVLOOCODOOOCOOQ o -4 e B e e e e S VIN VAN VIP VRN -
a I x a ~ o
E o0 w ]
< -3 [} [4] - X
-0 w z z .
. < < wv e CCO0O0TOCCOOOCLOOCOO > PO OaMEN~DONM N g -
1 — e 0 L A I I T T R S R T . (&) L O L I R R T R K T B Y .
: a g ©v OCO0O0UO0QCOOOOVOOLOVLOO < w o e NN N N N M
-
i 9
—
3 X
w M COCCOQOLLOODOOOOOCO v VWO = O N~ CCNTG —~s o0 1
1 b 3 8 s 0 v e s 2 s 4 e o8 oe s o4 & . ¥ L e I I T O T Y
CO0DOOLOLLODLODOOOCOLOO < e e N e IR I VI VI VT VRGN I Bl
[ 12} N
i ©
-
w .
i MO MM SO N NN O NN NN O O M OT 0 OO M~
L e I I I R I I ) + Q L I R I N I O )
o K4 - 0 N (4 ™Moo e N
<‘; - [J
¢ @ F
[ " .
CO—~NMINOIODDODONDDOO D PNNTNOO LD DNy Lo )
Lol L L AR T I T I I R . » L I N I I Y T I R R B S Y B
et b o ot ot { ot ot d ottt ot o e NN MM G 5O~
> ” L 3
): & & :
. . i “w
5 z WO NL C®O N NN DN NN z LR Y IR B N Y AT ) P
(1 () L T I T . o LI T T S il
/ — =N NN MMM men 2 — -ANNMM Y NN O O T o O ol
[ - F:.
i - < s
r -~ >3 -
< Zz -
w L N NS LV I R R . 2 B w WMOVINOONDM~GTroTw v
. - [ LI I T T S B S . [ L I R T T T B SN . 3
- - MEPT NI IS OHODOO0 D o - MLONN O~ DD O~y mm ,
p < — « ety «
n 1 .
; & 4
/ ~ z z .
', b > SN OV OO0V 0O 2 » N N 7 ot ot g ot et g e ) O Q) Ny
. [ ] VOLLDULVOLLULUODOLOD O = [S ) LCOLLULULOLLCO UGGV o
) [ A I I R I I, gl T TR I T N N S T R S B T S R N
. [} [T WA U U G R Wt e W Ly R L) - (4 woay R T N VR VO VYT PR VI YOI VU TR T u !\
[=] ! pl 4 Ut O 0D 0 U NN e O e w o [ jal & NOMDEWN AN =AM OT N 7
F3 @ Dy «DEH et = PO DO DDty & s M Oy A FOND Pt O Do =g O b
O We WNAO0OCMP I NGNS LOMEC OO & Wwe OMOCONVNPO—POMEO v
w (S LA L N R N I R T - a L I S S O Y
" x N MU O™ et i N AN O et g x w WV O Pttt et N PR NN O e rd e
- w w
v

66

e b

R A .




e . — e

. N h - v £oars 4. geo 4 Py . - —
R T - o . e g ) s - o

B s > S

*52NYESSYd 1V 333 NO1123d80) 83 €+ 30 NOILVANILLY 90 €- = NJ311337434 ONN0DED

*W 20+43989°9 = X o4 NI117371436 aNN049
. "SONVUYSSY¥d 11V 8I4 NOi...28000 8U €+ ¥U NOILVANGL.v 90 €= = ND11D3143d INNIED
w *3 = X ud34 N314337143y OVNJYO

Lo

- oLt o911 ‘0atl ‘g9l ~oel *021 01! oIl | *0s *08 *0t *09 Qs 0y *0¢ ¢ 74 *01l 12330)

) Ix 319NV
€1 0°01  €°1 $*s 6°¢ 2= g2 9+z 9-2 9-2 82 z%: 6°€ $*s €L 6°01  5°€T  1643032°%
s8¢l [VRdeR s tL s$*6 6°¢ 2°¢c 87 92 9=2 92 a4 2%t 6°¢ S°s [ 2} 0°01 5°¢1 JC+3E96°L
65l 0°01 €71 5°¢ 6°¢ 2 € 8" 2 9°2 9°2 92z 8°2 z%¢ 6°¢ $°s €L 0°01 S"€1  00¢301£°9
6"€1  0°01  €°L $°s 6°€ FAX g2 9°2 92 92 82 7 6°¢ 5°s €°2 G°01  S°€1  D2+3Z1D°%
6°€l  0°d1  €£°L $°s 6°¢ 2°¢ 8-z 9°2 9°2 92 42z 7-¢ 6°¢€ §°¢ €1 0°01 6%€1  20+3Tys°€
6*€1 001 €L s°s 6°¢ z-¢ 82 9°2 9°2 9+ 82 2 6-¢€ $°s €L 0-01  5°€T  2Le3231°¢
&€l 0°01  €°L s 6°€ 2°c 8- 9°2 92 9+2 g2 Z ¢ 6°¢ 5 €L 0°01 S°€1  C0+321s°2
6°€¢1  0°01 €°L s°g 6°€ 2°¢ 82 92 9*2 9°2 82 2°¢ 6°¢ 5°s €L 0°0T  S°ET  22+3655°71

18y (Znw)
. NCILVNY3LLV 13A31 3dN$S3dd INNDS AIN3IND3 NS
“W 20+398%°9 = X ¥0d4 NOIAVINILLVW-INNT T3
: SNOILI384IY NOI11v134vaik3 3SION
) VG/0A/ YA (SLINQ S¥W)4IMOd "0*i *S=ddd  1S31 LNO¥IIHI ONIGIIINS Z  *ON 35V
*22/%0/9L
NOI 1313334 3SI0ON 13ved¥lV
31v0 vOEE331 wWva904d




so11 o9t
8°0€1 % 621
9°0€1  €°0¢1
6061 21€l
Z°621 9621
SewEl  €rELl
Z27621 17621
ZeL21 9071
17281 97FEl
12921 9521
9°521 9921
s32l sTiel
0°0€1  Z712%
0°1€1 07921
emlel €821
voEEl 1ol
Gt5f1  5UREl
T 0%l
YULET TTERT
11 BRI
9 8ET  To0ed
L°BET  G*IEl
0°8E1  b679¢1
€°6€1  6°1IC1
£°6€1 Z°6€1

YO/TA/YA
"22/%0/91L

3iv3

A

1°0¢€7
1°eet
S*REl
s*2¢l

tsel
51l
v°1el
g vl
uoeal
2621
6121
| 2 A
5321
g%ie1
621

(=]
~
p—

g ey -
~

—~

Mo

. ()
P

e e LN~
. 0
~r~Cwn

DAl BURE N

17eet
521
9°i21
6%l
1°921
2°¢2t
1°621
£€°521
6°621
3°921
g°l21
0°ell

.
—_ O
™
——

[
e,
_—

.

.
+ -

Mmoo
Pt

M~ D O NN N e
.
AR

*otl

1811
L°R11
heTa
9021
6221
Lol
15611
[T
9511
0021
$°021
¢Trer
»*221
9°¢21
cesel
g1
usnll
6521
“Gel
geret
st2el
65°72¢1
0°tel
6°2¢1

*021

[ B
9211
5611
[ R
6511
4311
1221
gLty
LAFR R
6°¢t Tl
9°811
9°611
5021
g°cet
g€l
LAY 4
g1
28l
68621
9-cel
2 1et
s 1el
$°1el
2 1el

o1t

8211
15641
ERE AR
1811
%°91l
2611
1°121
17911
7911
Tt
[eR R
9611
€°021
L1t
2°¢21
921
1°921
£l
9821
L°621

*oetl
9~0¢1
9°0¢ 1
£ o€t

(S1INN SXA)y3NT4

W 1 = 4} vd1234S 21313~-33ed *X50NI

YW oz0e393%°3% = 3IINVISIO 3IN113Qls

031 05 08 oL *G9 c0s cY *o< *oe °01

6°B1T  T1-1€1 6°Tel 2°d¢l #°tLl 6&°¢
67021 8°1€1  Z7€€l O°%el  €°2f1 571
6511 €°0¢l *{ET 0°SEl O°Sfl 6°2€1  €°2¢T f2fr 2t2el 3¢l
0°%21 S°Z€l E€°GE€1 #°2€1 €£°1€1 8 62l %621 9°521 €°0€l 1°1¢T
T°T127  1+521 6°1€1 &£°1€1 9+621 2Rzl 57421 Z-ell €°1¢1 2°7€1 Coe3lBb° ¢
G511 Z2°iZ1 G°CE1 27G€l G €e1 w°Qfl  Z-521 8°621 6121 3°221 Ju+zZ91°€E
17621 G°Tel T1°%€l 97621 #&°B2T1 1*L21 6°921 6°421 €°121 s°l2t SUe3216"2
Y511 £°931  J°621 9*5I1 27621 €721 17821 €7421 €121 &°: Q1 C2e3566°1
G511 e»*e21  L°821 *CET O STTIEY LCYEY €relY 17?1 €121 5°921 Cl+:636°1
1°021  1*%21 %621 &°1el  6°1€1 8°1€1 ¢°621 571201 $*121 3°3¢1 CGe3562°1
9°021 6wzl 6°6ZT7 9°2f1 €£°8f£1 &*%€1 0°2cl OC°Q¢l (1°BZ1 %»°121 30e2230°1
9121 0°921 Z*tel 1°9¢1  &*ie1 €°6€1 0°%tl (°0€1 0*621 LU 10-2t%6°2
Y°€2T 9°g21 8°%El B °GE€l 9°GET T1°Gel 072el %*621 8°3821 ?°Ld1 [C-201¢"9
GUE2T 1221 €728l %°%E€l 9 %tl o°efl 272l 0°0fFT L°621 1°87% 10-221¢°¢
Y %1 €TIZ1 ZTEET 97SEl 6CGET %°9¢l 8¢l 1°0€l  6°621 67421 10-318%°¢
©*521 Z2°3:2t 272¢Y  H*E€l  %°dfl  O0°¢€el  l°CEl  €°621 *le1 0te21 1C-32%1°¢

T 2°2€el 8°2¢l  %%¢il S5°¢gl
T 8°1cl %°2¢€l O0"%el L %ed

68

G221 9121 ltel1 Selel  Z°UFT  €£°7€7 €°CEl  %°621 S°0€1 27521 13-3216°¢
Y7021 6Lt 6821 6°5J1  §°Cf1  8°0€T  9°Clel L7621 0°iel 1°0¢1 10-2556"1
2Rl 1*821 S°6¢l BT6ZT 9°GEl  0°T1€l L°Q0el  1°0€1T €°1el  7°0¢€1 10-36r5°1
%521 4°521 8821 0°0€1 2°0€l T-lel 6°0€T S°0€1 S°1el 5°0¢tl 10-3652°1

0°2¢l 6°oZ1 0°521 1°0¢1 [°0€1 T-°1el 1°lg1l 6°0¢1 6711 3°1¢1 10-3200°1
270€1 6521 07621 T1°Cel y-0tl €°71el 6°lgl 9°1€1 §°2¢1 6°2fT Z0-3E%6°L E
T°0€1 8621 6°821 O0°0€l g Cel G lel 6°1¢€1  Z°2¢l b°2€1 0J°tel 20-301¢°9
L7521 o*521 9°821 L1°621 %°0€l OQ°1el &°lcy 9°1€1 1°2€1 1°2¢l 20-321C°¢

(*w=2S/N-03214 02 "3y 81} (2-)
SI3A37 3¥NSSIdd INNIS AININD 3 ¥4

(SININUGADD 1I¥) 3SION IVLSL
*0°1 *g=ddd 1831 IN3X%J3HD) ONIOTIINS Z *CN 3SV)

NOTUDI1J3dd 3SION i4vaddlv
YOEe33l WV4dlad

R -—




0Q0*¢ oom.&. 0%0°2 a5 1 Qus*1 csect G001 osL”
[MVERs ¢se” Q%2 - 906" - Q6L - COG*l- §6Z°1- 005 1l-
044%1- 000°2Z- 062°2- 20572~ 061*Z- 00G*€~ 00¢°¢- 0Ci*v- = (01S4440D

VNIV | 0001 063°1 0311 Q%21 oee"t 02%°1 05s"1

[SFR A oLe*t ceLl*® [*EL 092 oee” 0c9° 0l3°
Gvor T 0s1°1 oge*1l os1°Y 0210°1 000"1 066° 065° = vi3€
333006 1v33¥adv 33 135430 Ividva (S
000°¢1 = VWV9 *3080US 40 L31KS BVINONY 304 435340 379NV (S

200~ ¢ 036°2 300"2 PETRA] GCs*1 [1TA| oLe*1 osL”
Cas* usz* ce2*- Qus - (17 B 001~ 062Z°1- 006°I1- : -
061 1~ CO0J7"2- 2J6Z°Z- 2J06°2Z- JSL°Z~ 000°€- 006°€- CO3°%- = (01841102

03eL* [V oul*® a3 ° 9Z8” Gol” ooL* 019°
QLs " Q98 °* Je6° 3e6° 056" AN QZL® Gov*
o9L* ozzL- oL9° Qass*® 0€s” 006° 0s%° 114 g = V4V

33400$ 43 14.HS ¥V INONY ¥Od4 ¥O10vd NIELI3¥y0D ty

0s6°2 = 0livd 34NiIVEIsNIL JLLVIS09%" = "ON HIOVAW M54 1SNVAX3 (€

1T = "3 dil 1 = *3 ONIOV3] *1 = *3 SNID1vEL
OV = 0 *S_A = 1) 03w30ISNI3 SNOI.NIO0S 3903 (1

S1127dN1! 9NI1GCI31HS 9NIM
3SION 3INlasnd

SININGAWGD NOT1OVeIIND 3903 §3r°Nvd L4veINIBeNi‘*ts + d1iaf
va/ I/ 94 (SLIND SWW)43M0d “0°4 *S=3d8  LS3L LNINI5HI INICI314S Z  °On 35VY)
“22/%0/9L
NOI131334dd 3SION Luvydulyv
3173 voEE33l AVedJYe |

—_—_ ) v <pasl

N ek % -




. ’ P e . T L L
*h 20+398%°9 = 3ONVISIC 3ININ3IGIES 0*0 v1133
0*JdLt 0091 0*341 0°0%1 O0*GEl 0°021U O°*0Olr 0°201 2°03 0-0#8 6°0¢ 0°*09 0°0s g°0% 6*0¢ 0°G2z 3ol 1x
2°s2 262 2°¢2 262 2*s2 2°s2 2°62 2°82 2762 62 [ Y4 2°42 2752 292 ir62 282 e~se ¥is8
a*0L1 0°071 UT0ST  0*0%t QOtuEtr 0°Getl O°clt 0tao0 o0°us 0°0¢ 0°0¢ 0*09 0°0s 0°0% g*0¢€ oz J°01t ISo
3231
S3ITINY
B°BO1 6°201 L°501 0©0°¢ll (911 1°901 I*%01 €°901 1°€11 0811 Z°oll LT 0911 6411 €211 3°8C1 16+320020°1
301 LLct il g£=¢ll 9*311 &°901¢ 1°661 1710l G %11 Z%HEY vt LTl 8 R11 11 st 1°211 & 01 OL+3e%6"1
8131 0°301 st 1t %1l 411 g°801 9401 B 0 5 S RS B § 1611 5*s511 2211 1°¢Il swcell 1011 £°901 CL*331¢°9
1°01t Z°1tt €°¢TT 0°sil o811 €°111 0°a01  (°531 6°ell 1011 voert SrSTIl  «°¢ 1 8111 AR c*sul U3l+2210°6
eott M ¢t 9411 1*911 ¢°*oll 6°LC1 2°501 0%ell KARR Bt G111 L*Hl1 92t LGt 6351 3°601 Clezlobt
PRCESh BRI E0h § Z2*otl Z €Il &*%»11 8°331 97,01 &*321 2*271 S5 ll 17210 6°211 (7111 #4°u01 FRESeR 7°¢Ct CCs_JI71°¢
2501 a9t1utl €851 6111 0°€11 6*601 2°101 3ol 9111 1211 R4 B i1l G w1l %°9l1 951 L1101 diea216°2
5°G601 6°Ssl 0°607 §°*011 8°111 €°601 O°ROT #7301 o©0°111 L*TIT 6111 O°111 2*ncl 9-101 0°%31 2Z2°000 00+:656°1
[ 1o QR RANVE{ 1°331 601 L°01Y  1°601% Z2*801 67801 $°011 LI3CTT 6°311 2°CIl %821 g lt L 3¢} 5§46 20+35686°1
1*%01 STE0T  0°901 8*831 L*601 6%831 €8¢l 6°801 67601 8601 0°CIT  &°oC1 1101 1501 9*lCLT t©°6b Cez632°1
TINT BTLS 1°%01 0°pol 8 801 9°a0T1 €°801 1°*301 ¢€°601 Cve3T  2°L0)1  1°FGI 0TIpY «c601] £°251 266 cles2re1
2°231  s*t15 2*tut 2°101 T*6CT €701 €°921 9°g01 6821 2601 87w 01 T*¢¥51 &°9CTF  g°%01 6°101 Z°56 1i-2ev6°1
[CRaNCINE SR 1 5°Z01 &*sol 2101 61T 1001 €=RJ2Y Z*aC1t LS LTt LAk 8671 1°4%31 €10l 166 To=-30%e "9
KRI"h 846 6®201 L1601 S§°901 ITLGT 0°3801 LTHOT 60121 6551 100t €501 Z2°¢C 6 €01 U015t Re 10-5210°s
KAV 17021 %2201 6°%0l 5°4n1  2°i01 &°iCT 6°L01 5°ill €*301 §°%01 23 9°%31 67701 #*301 9°26 1-2186°¢C
S2001T 27021 o101 2%%01  S°G01 LT90T 9%101 60T 67231 stGul 1°9L1 9°6CT  OTH01 wclul 666 Kb 10-23%1 %
566 d°h6 €10l »°elOl 6°4901 €901 <Z-l01 1°¢231 $*301 Y601 9°¢0l 0°¢€O $°ecl 610t LT ) *RS 10-35218°¢
1°66 85 ~°001 9°221 €201 0°331 8°*90%F ¢°301 1°901 6401 6°%01 €°40T 5°201 €101 [$ A=Y AtL6 15-3648°1
1°23% 1°84 L7568 3°101 9°€3l 9°60T1 9*931 %»°931 8°531 H 901 &°%C1 8°tC1 el 6001 9° 86 v*l6 18-3%8¢°1
1°L6 L6 65%gb 0101 Q°¢dt 1°631 2°901 1301 €°601 6°¢01 8°¢0l €°€fCT C€C*Z0T1 §°(01 286 1°L6 10-3%532°1
1°35 2°95 1+85% €£°001 €°2C1 9°901 6°631 (1°301 &°%il1 7°¢dT €%tCcl  2°201 9°101t 1°001 6o 3°96 10=-2200"1
[°65% $°G6 [ 565 97101 2°%J31 €°6C1 2°601 €-vd1 6°201 [°2C1 2720t 2°101 4°6% STi6 $°6% 20-3T96"L
1* % 946 %°96 B* 86 5°C51 €01 8°%01 £°%01 §°€d1 %*2ul ¢°201 L°T01 €°GOT1 %°*6s 2°lo 296 20-:01€"9
07€ES °€Es 9755 [eRa:1-} Z2°001 01°201 Z*%071 1*»01 2°€d1 8101 9°101 27101 %°0C! 1°6% 5°L6 8°9p J°96 20-3210°6
(°W*DS/N~D821n 02 ~3d §1) LZIAX)
ST3A37 3uynsS3Iad INNIS AIN3Nd3 b
tWw T = ¥) vald3ddS UI5134-3394 *X20N1
3STON INTEsNY
SININOGWGD NOTiIVEILINI 3933 13FNVD a3v3vlitenNs* (S + <1eaf
EI YA TN tSIINN SHWIGIMOa *C°1 *S$=Ydd AS3L ANSYHI3HD SNIAI3IAS 4 “ON 35VvD
*22/%0/9L
NOI12133¥a 3SICN 13VddWlY
31vQ ViCE33L wWya0lus

R - gp————— = -




BBl a2 s et ir @ W2~

i . - L4 . N R
" Z024398%°3 = 3ONVLSID 3ININ3T1S 2°0 vi133
0°0LT  0°GYY  C°0sy  C*0%1 0°0€l 0021 QO°C'l 0f201 0°0b (VR 0L (AR 0°0s (R [eRaV1% 0°ud 0°01 ix
0*0L1 0°091 G*0s1 0°0%1 ©0°0CE€Y 0"0Z1 0°ii! B°000U 0<°C 0%03 c*0ol ¢c*09 G*0% 2°0% 0 0% 0* 02 3 01 iSdq
(933)
S319NY
¥ 6- S e~ 1°- 5°1 .82 [ 522 1°02 a°Zi LS 0t ftZ 81 z* 1° Hoe- LR 10430030°1
8- 1°2- Z - 22z £°¢ Lot £°2¢ 251 %Ll 9 v°c c°g 6°1 € € | St~ CO+at96° L
%9~ 02~ | A4 gt (AN $° 12z 281 L2t 99 8¢ 2°t [FRar4 2 2" A £~ 30+331€°9
ST L- v E- Y%°*- 22z 2" 01 t°C¢ L1 1°21 L9 1 vt 1°2 7* T° Z°€- ST~ CU+3ZTL"S
8°3- Y- g - 6°1 [ gool 161 [Ch §°11 89°9 [ 4 KA1 02 1 2°- 0%t~ 3°H- J0es3126°€
8§*3~ g~ 1°~- 61 84 Ll 0°%1 091 2° 1t 8°9 Yty £€°¢ 61 2" [ 0 ¢~ 3°9 - GCe3291°¢C
€ 9= or¢- 9 0°¢ 0°s g2t 191 g8l L°01 8*9 a4 Z°c L1 | B [ € e~ 19~ C0e2216°7
1°8- 1°¢e- 21~ 0°2 [V 811 $°G1 9 ¢l 101 8°9 LAl [ 74 4°1 € - 2°1- 8¢~ LhE~ COsz6506°1
9*6- 278 w1 [Vhars 9°s [CRAVE! 0°%1 621 26 L=9 [ L2 1°1 v - g1~ £ 9~ 1°9~ J0+a1566°1 —
Ste- g7~ 9 - Q"1 [ R4 1°01 821 »*11 G5 5°9 0% L4 1= 0°1- 1°2~ 3H- J°6- 0Ce3e67"1 r~
0L~ €= ”° s 1 6§y £°0 111 $°01 $°8 2*9 L°c 6z [ v*1- 9~ »°5~ 3°9~ 00e:020°1
L°9- 9° [ £ 1 L4 98 L°01 LS 6°L 6°9 LAt s°7 [0 g 1A o9~ 18~ To-3E%86°¢
S*t- [ B 5%~ (VR [ 4 6°1 3°0 $°8 S°L §*s 1°¢ 11 5= 22~ STC- S*Y- 28~ Te-221¢e°9
[T [ "1~ I Gy ¢l 6°8 1°38 8°9 1% 12 1" 6°- 92~ 0" %= 1°L- 8 8~ 10-321G0°¢%
2°01- "% G*e- ' S e 3°9 08 2 L z2°q Al (44 & v 1= 1°¢- S~ 9L~ 3%6- 10-31r5°¢
0°11- 9°6- 92~ [ 0°¢€ 1°92 L 9°9 5°6 [ 4 L°1 o~ 81 L g G5~ 1°8- PAReA B 10-3291°¢
S°T1- 1°9- v°2- 0*- 3% %3 193 0*9 2°s L e £l v - 22~ [OAl A 96~ L°8- $°01- 16-2215°¢
411~ §°9- 2 - £ - 12 1% 0°*9 £°s STy 1°¢ 6° 6° - g°e- 9= h= £°9~ €°5- EAR A R 13-3686"1
§°11- (°9- $°C- 8- it °y 2°q 9y 6°¢ s £ €1~ €€~ 1°6- 6°9~ 66~ ¥ 21~ 130-2686"1
811~ 6°9- L€- Lo~ 21 $°¢ 9y 6°¢ €°c 9*2 1"~ 6° 1~ 8 g L5~ 9L~ $°Ci- 1*¢gl- 10-3652"1
g*11- 0°2- 3¢~ 0°1- -1 1°¢ 0% £°E 82 [ 9~ €°2- AR 1 G- 28~ 2*11- 3*¢1- 10-3000°1
8°11- 1°L- 0°9- Z°1- g F R4 $Te 8°2Z (4 1°1 0°1- 8#°2- [t 0°L- 6°8~ R°11- §°%1- 20o-3i%6%L
9°11-  2°¢- Il A s 1- v* €°¢ 0°¢ £°2 8-1 9" ST I~ £ e~ 96— L~ 96~ 4*21- €£°G1- CG-301€"°9
"1~ €L € Y- Le1- e 6°1 92 6°1 »°1 Zl* 61~ 8°¢e~ 29~ €8~ Z2°01- 1°¢l- 2°91- 20-2210°¢
$2r)
€(83) N3IL1vAN3 iy 13A37 34NSS3¥d ONNDS AJIN3NO3YS
SNOILJ3¥900 NJI.vensisNDOd J3101039d
3S10N INIBYNG
SIN3NOIWOD NOILJYY3ILNI 3903 L3NV LIV INIsHIL*tS + 41130
v3/70A74A . (SLIND SAW)IY3IMId *0°L ‘*G=ud8 1S31 1NI%334D ONIQISIHS 4 *ON 3V
°22/%0/79L
NOIL1213344 3SION 24v4D41V
3Liv2 VOLE33L AVIDIad




6.0 MACHINE REQUIREMENTS

This program is designed to operate on a CDC6600 scientific computer. Approximately
141.1K octal words of storage are required for operation. Data input is thorugh cards,
tape or disk card image. Output is to a line printer. In addition to the standard
input/output disk files TAPE5/TAPES6, the following disk files are used as scratch
storage (primarily report files) TAPES, 9, 10, 11, 12, 13, and 20. TAPE20 is the only
scratch file that the user may need to concern himself with. This file is used for output
of acoustic data for noise contour estimation (see NASA CR-114649, pp. 38, 39, 175 to
178 for further detail). ‘

7.0 OPERATING SYSTEM

The program has been checked out on the CDC6600 using the FTN 4.5 compiler under
the KRONOS 2.1 operating system. The program is written in FORTRAN IV language
to be relatively machine independent. The majority of the FORTRAN code complies
with ANSI standards, except for the use of NAMELIST and OVERLAY features
designed into the program for economical and easy use.
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8.0 RESOURCE ESTIMATES

The central processor unit (CPU) time required to process a job depends up(m' the
program options used. The major factors influencing the time per case are:

1. The number of configurations and the number of noise components in each
configuration

2. 1/1 or 1/3 octave bands for predicted noise spectra (the 1/3 octave band option uses
approximately twice as much CP time) ‘

3. The number of sideline observer positions

4. The number of noise components for which shielding is included, and the number
of wing edges

5. Lining attenuation and configuration corrections
6. Optional output reports
The execution time in CPU seconds per case is given approximately by

N1 N2 (C1 + C2 N3 + N4(C3 N3 + C4)

where

N1 = number of noise components

N2 = number of observer sideline positions
N3 = number of wing edges

N4 = number of frequency bands

(C1, C2, C3,C4) = (1.0, 0.3, 0.02, 0.04)

This formula is based on computer runs with all print options on the shielding included
for each noise component (for jet noise shielding assume N3 = 3, for jet edge N3 = 0.
For lining attenuation and configuration corrections, add approximately 10% to the
execution time.
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9.0 DIAGNOSTICS

The following is a list of the diagnostic messages which are printed when various error
conditions are detected by the program.

1. TOO MANY ENTRIES IN ALTITUDE VS TEMPERATURE TABLE.

2. TOO MANY ENTRIES IN ALTITUDE VS PRESSURE TABLE. MAXIMUM
+ LILOWED IS FIFTY. Io3 ATMOSPHERE IS ASSUMED.

4 3. TOO MANY ENTRIES IN ALTITUDE VS RELATIE HUMIDITY TABLE.
3 MAXIMUM ALLOWED IS FIFTY. ISA ATMOSPHERE IS ASSUMED.

4. ALTITUDE VS TEMPERATURE TABLE IS UNDEFINED. MUST HAVE AT
LEAST TWO ENTRIES. ISA ATMOSPHERE IS ASSUMED.

5. ALTITUDE VS PRESSURE TABLE IS UNDEFINED. MUST HAVE AT LEAST
TWO ENTRIES. ISA ATMOSPHERE IS ASSUMED. .

'J. ) 6. ALTITUDE VS RELATIVE HUMIDITY TABLE IS UNDEFINED. MUST HAVE
i AT LEAST TWO ENTRIES. ISA ATMOSPHERE IS ASSUMED.

b 7. EFFECTIVE TIP MACH NUMBER QUT OF RANGE (G7 0.93 OR LT 0.1 OR BAD
INPUTS.

‘ 8. TOO MANY TARGET FREQUENCIES SPECIFIED FOR LINING. ONLY FIRST
i TEN ARE USED.

| 9. TOO MANY WALLS SPECIF:ED IN FAN LINING. ONLY FIRST TEN ARE
‘ USED.

10. NO WALLS HAVE BEEN D“FINED FOR FAN LINING.
i1. ERROR WR'TING RANDOM FILE JOB ABORT.

\ 12. ERROR READING RA™DOM FILE JOB ABORT.

, 13. ***FATAL ERROR***BAD GEOMETRY.

14. DO CORE SEPARATE FROM TURBINE WHEN SHIELDING INCL USED
TURBINE ASSUMED.

I
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10.0 CONTROL CARDS

A computer magnetic tape (with a backup tape) is furnished for the comﬁlete
NAS2-6969 contract software revised in accordance with the requirements of contract

DOT-FA7T4WA-3497. The tape contains the files listed in the sequence below created by
the text program editor UPDATE:

SOURCE .. File of source deck for regeneration of NEWPL and COMPILE files

NEWPL .. .New program library file
COMPILE .. .Card image file for compilation using the FTN 4.5 compiler

Any of these files on the tape can be used to create a file of relocatable binaries to be
executed on the CDC6600 computer.

The software on the tape actually corresponds to three independent programs; i.e.,

1. A community noise source estimation program revised to include airframe
shielding attenuation estimation capability

2. A postprocessor program to interface the output of item 1 with a noise contour
estimation program

3. A noise contour estimation program

The first program is the only one which was significantly modified for the DOT FAA
contract. The other two programs are just "DC6600 versions of the original IBM360
computer versions delivered to NASA-Ames 1n July of 1973. Use of the last two
programs follows that described in NASA reports CR114649 and CR114650 except for
the following:

4. The $ notation for NAMELIST input on the CDC6600 computer replaces the &
notation used for the IBM360 computer.

5.  The control cards are radically different for the CDC6600 computer fer all the
programs mentioned above.

There are many ways to get the software code off of the tape(s) provided. We propose the
following methods which result in economical and easy use for a large number of user's.
[t is assumed that the CDC6600 computer system has indirect-access permanent file
disk storage capability. The storage space required for all the programs is about 800
sectors (50K words or 3M bits).

The control cards sequences used below are unique to the Boeing Enhanced KRONOS
2.1 computer system, but these can be used at other CDC6600 computer installations
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with miaor modifications. These control card sequences require certain information to
be provided by the user as indicated in table A-2,

The {irst step that must be accomplished is to get the programs off of the tape, compiled,
and retained on disk storage as relocatable binary programs. The control card sequence
listed in table A-3 instructs the computer to perform this task. Details involved are
noted in the table in the description column.

Once the relocatable binary programs are retained on disk, the control card sequences
given in tables A-4, A-5, and A-6 can be used to load and execute the programs.
Table A-4 applies for the noise source estimation program. Table A-5 applies for the
postprocessor program to interface acoustic data output of a previous noise source
estimation job with the noise contour estimation program. Table A-6 applies for the use
of the noise contour estimation program.




Abbreviation

Jobn

yy
Userno

Password

Name, etc ...

XX=XX
XXXX

XXX

2272

pfnl

pfn2

pfn3

pfnd

pfn5

-~ eor -- ...

-- eoi -- .

Table A-2. —User Supplied Information

Definition

Unique job name

Job priority selected by user

User's account number

User's password

User's name/telephone number/mail stop/
organization number

User's mail stop

Tape identification number for source
program library tape .
Central processor time estimate in seconds *f
Estimate of the maximum number of cards
punched. Usually this is less than 500
cards per job step. ' 1
Permanent file name for Noise Source

Estimation (NSE) overlay program binaries
Permanent file name for Post-Processor (PP)
program binaries

Permanert file name for Noise Contour
Estimation (NCE) main program binary

Permanent file name for Alternate LIBrary (ALIB)
containing subroutine binaries used by NSE and
NCE programs ‘
Permanent file name to save computed noise
contour data for subsequent run to produce

plots b
End of record card; i.e., a card having a multiple E
789 punch in columr. one with any informative alpha- %

numeric characters punched on the rest of the card.
End of information card; i.e., a card having a
multiple 6789 punch in column one with any infor-
mative alphanumeric characters punched on the rest
of the card.

1
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Control Cards

Table A-3.—Computer Job to Save Relocatable Binaries
on Disk From Program Library Tape

Description

Jobn,CM120000,T200,Pyy.
ACCQUNT ,Userno,Password. Name, etc,
RFL,20000.
REQUEST,PL,VSN=66xxxx,F=1,LB=KU,P@=AR.
REWIND,PL,INPUT.
SKIPF,PL,1.
COPYNF,PL,QLDPL,1.
RETURN,PL.
CAPYSBF , INPUT ,QUTPUT.
REWIND,INPUT.
SKIPR,INPUT,1.

RFL,40000.

UPDATE ,Q,C.

RFL,120000.
FTN,I=COMPILE,T,PL=777778B.
RFL,20000.

REWIND,LGP.
CAPYBR,LGP,A,15.
CZPYBR,LGP,B,2.
CAPYBR,LGP,C,1.
COPYBF,LGP,D.

REWIND,D.
LIBGEN,F=D,P=ALIB,N=ALIB.
SAVE ,A=pfnl/CT=S ,M=R.

SAVE ,B=pfn2/CT=S,M=R.
SAVE,C=pfn3/CT=S,M=R.

SAVE ,ALIB=pfnd4/CT=S,M=R.
-- eor --

*CPMPILE PHBNAC. ZERO

-- eoi --

Job card
Account card

Gets program library tape and assigns
file name PL to the tape

Copies program library tape to PLDPL file

Copies input deck to QUTPUT file

Writes program "decks" on COMPILE file

Compiles program to produce relocatable »
binaries on LGP file ~ 3

Copies NSE overlay programs to file A

Copies PP program to file B

Copies NCE main program to file C

Copies subroutines for NSE and NCE
programs to file D

Generates an alternate library on file
ALIB for loader from routines on file D

Saves files A, B, C, ALIB on disk
for later use

Instructs UPDATE editor to write "“decks"
PHBNAC through ZERP, to the COMPILE file




Table A-4.—Computer Job to Execute Noise Source Estimation Program

Control Cards Description i
Jobn,CM141100,Txxx ,Pyy. Job card ;
ACCPUNT ,Userno,Password. Name, etc. Account card : 4

RFL,20000.
GET,NSE=pfnl/UN=Userno.

GET ,ALIB=pfnd4/UN=Userno.
PFFLINE. PUNCH EST = zzz CARDS®
REWIND,INPUT.
CPPYSBF, INPUT ,QUTPLT.

REWIND, INPUT,

SKIPR,INPUT,1.

RFL,141100.

LPADXEQ,F=NSE ,U=ALIB.
RFL,20000.

CAPYCF , TAPE20,PUNCH, 1,1,80.

RFL,141100.

EXEC.

RFL,20000. _

COPYCF , TAPE20,PUNCH,1,1,80.

-- eor --
Data deck for 1st job step

-- eor --
Data decks for additional job steps

-- eo0i --

Gets NSE program off disk
Gets alternate subroutine library off disk
Need only if cards are to be punched

Writes input deck to PUTPUT file

Loads and executes NSE program E

Need only if acoustic data is punched
for noise contour estimation

Rupeatb these cards to execute NSE
program for each additional job step;
i.e., you have more than one data deck

Repeatb the data decks for each
additional job step

a) Cards punched are acoustic data (noise Tevel, engine performance
parameter, elevation angle, 10910 of range at CPA) which characterize
an airplane configuration. See NASA CR114649, pp. 38, 39 and 175-178.

_ Format for punch data on the cards is (1PE12.3, 3£12.3).

b}  Not needed if only one data deck is used.




Table A-5.—Computer Job to Execute Postprocessor Program

Control Cards Description
Jobn,CM60000,T100,Pyy.  ° : Job card
ACCPUNT ,Userno,Password. Name, etc. Account card
RFL,20000. )
GET,PP=pfn2/UN=U§erno. Gets post processor program off disk
PFFLINE. PUNCH EST = zzz CARDS?
REWIND, INPUT.

CAPYSBF , INPUT ,QUTPUT. Copies input deck to PUTPUT file
REWIND,INPUT.
SKIPR,INPUT,1.

RFL,33000. Produces acoustic data subroutine to
REWIND , TAPE20. interface with NCE program, compiles

the subroutine, and gunches relocatable
CAPYCR,INPUT,TAPE20,1,1,80. binary deck. Repeat“these cards for
pp : @ach additional job step to characterize
) more than one airplane configuration.
RFL,60000.

FIN,I=TAPE22,T,B=PUNCHB.

-~ eor -- ,
Data deck® for 1st job step Data deck of acoustic data for
) NCE program i
-~ @or -- Include® additional data decks for
b characterizing the noise of more
Data decks™ for additional job steps than one airplane configuration.

-~ @01 -~

Cards punched are binary acoustic data subroutines to be used

by the noise contour estimation program.

Input data cards are acoustic data (noise level, engine performance
parameter, elevation angle, log10 of range at CPA) which characterize
an airplane configuration. See NASA CR114649, pp. 38, 39 and 17%5-178.
Format for data on the cards is (1PE12.3, 3£12.3).

Not needed if only one-data deck -is-used.
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Table A-6.—-Computer Jab to Execute Noaise Contour Estimation Program

Control Cards

Description

Jobn ,CM70000,T200,Pyy.

ACCOUNT ,Userno,Password. Name, etc.

RFL,20000.
GET,C=pfn3/UN=Userno.
GET,ALIB=pfnd/UN=Userno.
GET,TAPE2=pfn5/UN=Userno.
CAPYBR,C,NCE,1.
CAPYBR, INPUT ,NCE,1.
COPYSBF ,INPUT ,QUTPUT,
REWIND,INPUT.
SKIPR,INPUT,2.

UNBLACK, TAPES9.

LPADXEQ,F=NCE ,U=AL1B,CALCMPF.

REPLACE ,TAPE2=pfn5.
PLOTFIL,CALCOMP,TAPESS,O0.
COMMENT. PLAIN WHITE PAPER
COMMENT. BLACK WET INK
COMMENT. RIGHT EDGE START
COMMENT. MAIL TP M/S xx-xx
-- gor --

Binary deck of acoustic data subroutine?

-- eor --

Input data cardsb to describe flight
paths, noise contours desired, and/or

plotting options
-- eoi --

Job card
Account card

Gets NCE main program off disk.
Gets alternate subroutine library off disk.

Gets® previously saved noise contour
data off disk.

Includes acoustic data routine with
NCE program,
Copies input data to PUTPUT file.

Loads and executes NCE program using
alternate libraries ALIB and CALCMPF.
Saves® noise contour data for later use.

Disposes plot file TAPE99 for offline
CALCOMP plotting.

:a)  One of the routines produced by the post-processor program (Table 5).

b)  See NASA CR114649, pp. 175-182 and NASA CR114650, pp. 66-108 for input
data description. Note that a § replaces the & notation given in the

second reference for NAMELIST input.

¢) Required only if computed results are being checked before making plots
(see NASA CR114650, pp., 60 and 70 for discussion) with a second job submittal.
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11.0 SOURCE LISTING

The source listing for the programs on magnetic tape is provided in volume II] of this
report. ’
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APPENDIX B

PRELIMINARY TEST PLAN FOR ASSESSMENT OF FORWARD
VELOCITY EFFECTS ON THE SHIELDING EFFECTIVENESS
OF WING- AND BODY-TYPE ACOUSTIC BARRIERS

J. M. Campbell

1.0 SUMMARY

A test plan providing a logical follow-on to theory and analysis reported in volume I is
presented. Tests executed in a wind tunnel using simple geometric shapes in a variety
of configurations and for a range of tunnel flow velocities are recommended. The
proposed matrix of configurations/tunnel flow velocities is aimed at isolating and
assessing:

o  Effect of engine exhaust flow on shielding
0 Effect of ambient flow velocity on the intrinsic shielding processes
o  Effect of wing wakes on wing shielding effectiveness

Special pulse test techniques and associated instrumentation are proposed to eliminate
problems of background noise and reverberation which have typically dilluted the
usefulness of previous small static chamber and wind tunnel data.

2.0 INTRODUCTION

The mathematical models developed during this contract for predicting shielding effects
are based on data gathered from a variety of sources. These data were derived from
small scale static tests and full scale static and flyby tests. In some cases. these tests
were only peripherally directed toward shielding effects. The data 1n many cases are
contaminated by acoustic energy reflected from the ground or other surfaces and noise
sources additional to the shielded source. The reflection of energy from the ground plane
or any other flat surface is not uniform at all frequencies. Phenomena such as wind.
temperature, humidity, and their gradients can change the amplitude and frequency
response of the reflection effects. All full scale data are subject to multiple source
interference.

New data acquisition methods are needed. Data should be taken in a new way. Boeing
Commercial Airplane Company. while improving its products. has developed and
reduced to practice this needed new way. The test plan presented here makes full use of
the most advanced techniques in acoustic measurement to obtain noise shielding data in
a wind tunnel uncontaminated by reflections and stray noise sources.
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3.0 TEST OBJECTIVES

The test program described herein is designed and sequenced to answer three general
questions:

) What effect does airflow have on the “shielding” provided by aerodynamic lifting or
control surfaces?

° For some specific geometries, the aircraft body provides “shielding.” How is this
affected by airflow? ‘

e Does a wake provide significant “shielding” in a flow field?

The term “shielding” includes reflection, absorption, refraction, and diffraction in
differing proportions depending on the situation. By programming the tests properly,
these proportions can be revealed. Thus, the quality as well as the quantity of the
“shielding” may be determined. While flight effects cannot be measured directly in a
wind tunnel, this test program is a necessary step in interpreting measured flight data.

4.0 TEST APPROACH

The two principal problems of wind tui.ael acoustic measurements are: high noise levels
in the tunnel (see fig. B-1) and the hard walls of the tunnel provide reflecting surfaces
which cause a reverberent level to build up. The solutions to these problems are
interrelated so that the "best” solution for one is the "worst” for the other.
Nevertheless, a viable compromise is available.

The effect we wish to measure is shielding. Shielding can be defined as excess sound
attenuation between two points, excess in that the attenuation is more than that which
is expected from inverse square losses and atmospheric absorption. Since attenuation is
the measurement desired, the absolute magnitude is not an important parameter-only
the change is.

The recommended test hardware arrangement in the wind tunnel is shown in
figure B-2. A sound source is placed in position on one side of a shielding configuration.
and a microphone is placed close to the source. This microphone is called the reference
microphone. A second microphone, called the receiver microphone, is mounted at a
position of interest. If the signal from the reference microphone is compared to the
receiver signal. the change will represent the total attenuation between th2 two points.

If the signal from the sound source is pulsed, and the signals from the two microphones
are examined before any significant energy is reflected from the wind tunnel walls, the
data will be free from the effects of reverberation. Using the Boeing transonic wind
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Figure B-1.--Tunnel Acoustic Survey Results (53 m's)
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tunnel {(BTWT) as an example, the source and reference microphone would be placed
0.60 m above the test article, while the receiver would be mounted 0.60 m below
(fig. B-2).

The path length around the test article is 1.7 m. The transit time would be about 5 ms.
The shortest reflection path would be abcut 1.2 m longer than the most direct path;
therefore, the longest time available to examine the two signals is about 4 ms.

The effect of high noise levels in the wind tunnel (fig. B-1) would be alleviated by using
a high intensity sound source which projects a single tone. The choice of the frequency
of the tone is dependent on the wind tunnel used. Referring to figure B-1. the sound
level in the BTWT in the 1/3 octave band centered about 16 kHz is 73 dB. Consider the
sound source is set on this frequency and produces a level of 120dB at 1 m. In
traversing the 1.7-m path to the receiving microphone, the noermal attenuation would be
5dB, resulting in a level of 115dB. We would expect shielding effects up to 40 dB:
hence, the level of the signal at the receiving microphone would be as low as 75 dB. only
2 dB above the ambient. A solution to the poor signal-to-noise ratic is to limit the
3 receiver bandwidth. Referring to the previous paragraph. we f{ind that the longest
2 ( reverberation free time is 4 ms. With this length of time, the narrowest bandwidth
: ' achievable is 114x10%) or 250 Hz. Considering that the 1:3 octave band about the
16-kHz center frequency is about 3750 Hz wide, the ambient noise reduction would be
10 log,yt3750/250) or -12dB, giving us a signal-to-noise ratio of 14 dB. This would
introduce a systematic error of only 0.3 dB for a shielding value of 40 dB. For shielding
values of 34 dB or less, the error becomes less than 0.1 dB. If the source frequency is
raised to a higher frequency, the percentage bandwidth reduction could be greater. but
the atmospheric absorption also becomes greater, thus, cancelling the improvement.
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5.0 TEST PROCEDURE

Each configuration will be tested in the wind tunnel for wind-off and three wind-on
conditions. A configuratior is defined as a particular combination of test article, sound
source placement, and receiver placement. The neutral airfoil qualifies as the most
tested article (table B-1). It will be used to establish the basic wind-off/wind-on
parametes for both leading- and trailing-edge shielding. It is also used to gain frequency
3 dependent data. The wing is to be tested not only by itself, but also in combination with :
{ simulated engine flow. The round nozzle and the D-shaped nozzle will be tested alone
and with the wing. The sound source will be placed inside the nozzle for these tests. A :
cylinder will be tested alone to simulate a fuselage. In addition to tests with a test ¢
article in the tunnel, a series of ambient noise tests will be made and an additional

series with the sound source activated. In tetgl, 495 configurations will be tested. This
corresponds to 1980 data points.
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6.0 TEST CONFIGURATIONS

It is planned to test in the wind tunnel eight configurations:

1.

2.

7.

8.

A thin neutral airfoil

A wing section

A round convergent nozzle

A D-shaped nozzle

A round convergent nozzle below a wing section

A round convergent nozzle above a wing section (unattached flow)
A D-shaped nozzle above a wing section (attached flow)

A cylinder

Sketches of these configurations will be found in figure B-3.
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7.0 ACOUSTIC INSTRUMENTATION AND DATA REDUCTION

The acoustic equipment consists of two groupings (fig. B-4). One grouping is located in
or adjacent to the wind tunnel; the second grouping is located in building 2-80 at The
Boeing Company Plant II complex. Collectively, the second set of equipment is called
the Acoustic Data Processing Facility (ADP-1). The first set of instrumentation consists
of the sound source (including its modulator), the two microphones, the
signal-conditioning equipment, and rmonitoring equipment. The ADP-1 is an on-line
real-time data acquisition and reduction system. The heart of the ADP-1 is the
minicomputer manufactured by Prime, Inc. This computer is a multilingual
time-sharing system. It has a basic memory of 64,000 words, and the memory can be
expanded to 256,000 words in the future. The block diagram in figure B-5 indicates the
capabilities of the system. For these tests only, a portion of this capability will be
employed. :

The equipment would be used in the following way. Upon command of the operator, the
ADP-1 will provide a 10-ms pulse to the sound source modulator (fig. B-4). This causes
the sound source to generate a tone burst at a selected frequency. The reference
microphone is placed so as to pick up the acoustic signal almost immediately. The
receiver microphone captures the signal at some later time. Both signals are digitized
and are processed through a “digital filter.” The amplitude of each pulse as well as the
ratio between them is determined and recorded. As soon as this process is complete,
ADP-1 issues another pulse and the same process is executed. Upon completion of 30
cycles of this data gathering, ADP-1 calculates the mean and standard deviation of the
reference signal, the receiver signal, and the ratio of the individual pulses.
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8.0 DATA ANALYSIS

The data output will consist of the mean and standard deviation of the reference and
receiver microphones output and the mean and standard deviation of the ratio of the
individual pulse pairs. By computing the ratio of the means of the reference and
receiver signals and comparing this with the mean of the ratio, it is possible to
determine the stationarity of the process. The delay time between the two signals will
show the path length and also the normal attenuation. This information can be used to
examine refraction effects. The standard deviation of the reference, as compared to that
of the receiver, gives an additional measure of the randomness of the process. The
target of the analysis is comparison between the data and the mathematical models
developed in this contract. Thus, the mean of the ratio will be plotted against the
significant variables such as, tunnel wind speed, angle of source relative to trailing
edge, angle of receiver relative to trailing edge, wake intensity and thickness, etc.

9.0 SCHEDULE AND COST ESTIMATE

A schedule and manpower estimate for this proposed program is presented in table B-2.
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APPENDIX C
UNIFORM FLOW EFFECTS ON HALF-PLANE DIFFRACTION

D. G. Dunn
y To = (-ry cos 84, I 8in 6, 0)
= ('x01 y()s 0)
———— . -
T =(rcosé,-rsiné,0)

I—VI-O Parallel to half-plane and
perpendicular to edge

_S
oo ly Mo
0“»‘5 K = (Kcos#b,-Ksing, 0
’S?

Consider the case illustrated in this sketch without flow where sound from a source, S,
is incident upon a semi-infinite half-plane. The incident field for an omnidirectional
compact source is given by:

¢, =exp[iK - (F-T))/IK * (F-T,)]
(C-1)

=A(Knexp[iK Iy cos(f - 60)]
o)
where AKp) =exp(iKr) {(K ) [l + (—r—) cos (0 - 60)]}
=exp (i K r)/(K r) in the far-field

It can be shown by the application of the reciprocity theorem illustrated in figure C-1 to
the half-plane that the Green’s function in the far field is equivalent to the problem of a
plane-wave incident upon the half-plane and the determination of the field close to the
barrier. This latter problem has been solved by Sommerfelt.! Since we are interested in
a solution in the far-field relative to free-field radiation, the reciprocity theorem
permits us to drop the A(Kr) factor and consider the radiation field as a plane-wave

problem; i.e.,

d)l = exp[i K ro COS(G e 60)] (C-z)

=expliK (- x, cos 6 +y, sin 0)]

'A. Sommerfelt, “Optics, Lectures on Theoretical Physics,” Vol. IV, Academic Press, Inc., 1954,
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The total field being sought is
¢ = $;t¢

where ¢ is the diffracted or scattered field.

The boundary condition that impacts the total radiated field is

0oy .
W=Otory—0,x<0

The scattered field ¢ must satisfy the wave equation

VIip+KI9=0
As noted, this problem has been solved previously. The solution is
¢1/¢i =G TI1y)

=Flab)+ F(ac)exp(-i a~d)

o0
where F(x :\/—1]7:./‘ cxp(izz) dz
X

a =2Kr,

b =sin (0 — 6,)/2
c = 8in (8 + 6,)/2
d = gin 0 s8in @,

B R Sl L=

L g -

(C-3)

(C-4)

(C-5)

(C-6)

Consider the case with flow; i.e., |[M,| = 0. Equations (C-2) and (C-5) no longer apply

and are to be replaced by

é; = expli K (= x, cos 6 +y,sin 0)/(1 - M, cos 0)]
V2¢>+ K2 (l +—;\7ﬁ0 '7)2 =0 or

b b} 3
22 (1-m2) +224 200 i0m k24 k20-0
ax~ y-  dz- ax
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i This new problem is solved by use of a modified Lorentz transformation which converts
3 the governing equations into the identical form as the no flow case; i.e., let
y2 = 1/(1 - My?)
(K, x, y',2)= (7K'. YX, Y. 2)
(¢;. & &)= exp (=1 K" Mg x) ) (¢, Vi )
'J cos 8’ =(C()50—i\10)/(l —Mo cos 6)
cos O, =(cos 0, +M,)/(1 + M, cos 6, )
Substitution of the transformed quantities into equations (C-3), (C-4), (C-7), and (C-8)
results in the following.
Y= exp [ K t=xg cos 8" +yg sin 6] (C-9)
3 VT vty (C-10)
Wy _ P ' -
?y-,--O on y'=0.x"<0 (C-11) 1
i - R f
: (V)" Y+(KI»~y =0 :
:‘ (C-12) -
|
* where (¢, ¥, ¥) are the potential functions in the case with flow for the incident, total
and diffracted fields, respectively.
These are identical in form to equations (C-2), (C-3), (C-4), and (C-5) for the no flow K
problem. Hence, the solution for (¢/usj) is given by the static potential solution (d¢/dj) e
i defined with transformed coordinates:
i
‘1 -" _ (C-13)
F | tl/t/d/i=¢t/¢il=G(r l\'('))
| transform
4 coordinates E
: {
E The interpretation of this solution in terms of pressure or velocity potential requires
-4 \ consideration of continuity requirements at the edge. For the trailing edge (i.e., M, is
- positive), the solution (¢/¢;) represents the pressure field. For the leading edge (i.e.,
3 M, is negative), the solution represents the velocity potential field. In order to get o
L 'ﬂ pressure, we must differentiate the solution with respect to the space variable in the

direction of flow; i.e.,
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Then for the leading edge

- - __\/' (b’ + ¢*) expli (2')%/2]
P/P; GTITy) Mo a(l+M cos 8')

Whereas for the trailing edge

PP =G (T 1T,)
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APPENDIX D

THEORETICAL DATA CURVES
FOR CYLINDER DIFFRACTION

D. G. Dunn

This appendix contains the theoretical trend figures for noise diffracting about a
fuselage (cylinder) structure. A cross reference table shown below is provided to assist :
use of the trend figures for the analysis (sec. 2.2:2.2) and the interpolation procedure .
(sec. 4.3.1) of the main engineering report, volume I.
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Table D-1.—Cross Reference of Trend Figures and Variables (B, 6}
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APPENDIX E
SOUND REFRACTION BY AIRFOIL TRAILING WAKE

H.Y.Lu

This appendix covers the modeling, the formulation, and the solution of the problem of
sound refraction by an airfoil trailing wake.

1.0 ANALYSIS

Sound propagation through the wing trailing wake from an over-the-wing engine
presents a problem of sound reflection and refraction. Theoretical work related to this
problem has been completed at The Boeing Company! and is applicable with
modifications to the analysis of sound propagation through the wing trailing wake.

A few simplifications have to be made in modeling the wake and the noise source. The
following assumptions are made:

1. The noise sources are fixed relative to the airplane and can be represented by point
acoustic sources.

The wing trailing wake is constant in velocity and temperature. The velocity is
different from that of the freestream, while the temperature is the same.

The wake extends to infinity with finite thickness and the presence of the wing as
a solid body is ignored in this part of the analysis.

4. Results from this analysis can be superimposed on that of the wing diffraction.
5. A perfect and inviscid gas is assumed.

These assumptions are used to analyze the propagation of sound through the wing
trailing wake.

We introduce a time dependent point source Q 3(x) 3(y) 8(2) in the flow. Q has a physical
dimension of mass per unit time. The continuity equation for acoustic distrubances can
be written as

at+Uax+ax+6y+az 1 8(x) 6(y) 6(x) (E-D

'H. Y. Lu, "Acoustic Far Field of a Point Source in Cylindrical and Parallel Flow Fluid Layers.”
AIAA Paper No. 75-500, March 1975.




where 4 = (Qpgy, and that S is the condensation defined by p = po(1 + 8) with p, as the
undisturbed density (fig. E-1). U is the velocity of the uniform flow. u, v, and w are the
components of acoustic perturbation on velocity along x, y, and 2z dlrectxons,

respectively. c is the speed of sound; i.e., = yPo/po.

-

The momentum equations along x, y, z directions are

au+Uau_ C:i@_

3t T ax X
A, ydv.__ 288
at+be “ oy
ot +Uax az

The dimensionless acoustic pressure p is

p-
pP= Po =Y S
Py
with Y= Cplly

(E-2)

(E-3)

(E-4)

(E-5)

From equations (E-1) through (E-4), u, v, and w are eliminated and S is substituted by p

from equation (E-5). The result is

2020 on (B4 0)\e
(at ax) S AR 7<at+Uax)q 5(x) 8(y) 8(z2)

»_90- 0

ab
+ + 9=
ax2

ay~ az-

where v

Apply Fourier transform to equation (E-6),

P gl [——41r F(—T—Mk ) Q,, 5(2)
o0 oo oo ‘ ‘
- + —wt
where F(z) =—l—§ f l f pe i(keyx yy~¢ )dx dy dt
8- —oo —~00
p = f f f F(z) e i(kxx‘rkyy—wt) dkx dky dw
oo Joo  Zoo

(E-6)

(E-7)
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2Mwk

Yo -MHKE -k
with Mach number M = U/c. Omega () is the angular frequency; ky and ky are the
wave number in x and y directions, respectively.

The solution of equation (E-7) is

itz ~i{iz
Fj=a-e§J the {i

J
where j = 0, 1, 2, 3 for regions 0, 1, 2, and 3, respectively.
Since regions 0, 1, and 3 have identical flow conditions,

a ZMO wky
P —_—

-(-M3 Kk -K

-~

§s 5 -——— -~(1-M7)ky -k§

Eight boundary (Bi) conditions are needed to determine the eight unknown constants a;
and bj.

B1. In region 0, we have only the outgoing waves and therefore a, = 0 for z »—.

B2. Outgoing waves for region 3, by = 0 a8 z .

B3. Integrating equation (E-7) across z = 0,

Fl(0)- Fo(0) = — X-(w-ky Uy Q
4mc -
or more explicitly,
. . _ 1y
it (a;-byp)+ig, by = S (w-k,UDQ
§o (a) 1 §00 41r2c2 x~o’ Xw
. Continuous pressure at z = 0,

bO = ay + bl
Continuous pressure at interfaces z = z;, and z = 2.

< ay e'gozl +b, e'lfozl = a5 e'fz Zy +by e-i{z 2
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Continuous displacement 7 of the interface at z = z; and z = z,, we have
(2, ul
W= (at +U ax) n
From equation (E-3)
9 7

Gl a\-_ _ ¢ dp
(bt+Uax) n=-F 37
After Fourier transform

s dF

A= ———
7(_w+ka)2 dz

where % is the Fourier transformed displacement which has to be equal on both sides of
the interface; i.e.,

B7.
2 i€ .z B PR/ 2 i€+ Z -if~2
— 7[31%8% by g0 l]= k 2[‘5':%@';2 -bagye l}
¥ (w - ky Ug)? - w-ky Uy)
B8. . _ N .
2 i§y 74 -i{y 2 < i§,z
C—7[32§2°" “_b2§2e§'2 2}:.......&.___233%602
v (w=-ky Usy) Y (w - Ky UO)

These eight boundary conditions provide the solution of the coefficients a; and ag given
at the end of this appendix. In region 3 we have

i, 2
F3 = a3 elgo

The dimensionless pressure for each frequency w is

o0 o0
- iR h
P3w f f age’ 3 dky dk, (E-9)
-00  —0O

where we have made the following change of variables (fig. E-1).
X = R sin ¢ cos @

y =Rsinysin @
Z = Rcosy

2 2%k, M, w %
_ w X ‘
hs _[(_C_) __C_O__ -1 'Moz)kxz‘kyz] 2COS¢+kx sin ¢ cos @

+ ky sin ¢ sin 6

The integrations in equation (E-9) can be performed asymptotically for R+x.

b aic.
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2.0 FAR-FIELD SOLUTION
AND THE TRANSMISSION COEFFICIENT

-

When the observer is at a great number of wave lengths away from the source, an
asymptotic solution for the acoustic far/field can be found by the stationary phase
method. Equation (E-9) is evaluated at the stationary phase for the asymptotic
expression ag R—»x

i (1 - M2 ) sin2y cos26

Wmiow - Mg - Mg +'Mg‘ sin2¢ cos> 6 iR h3g
azge (E-10)

I~ sinzgp 00520

where agg and hgg are ag and hy evaluated at the stationary phase. The stationary
phase wave numbers are given in the following section.

We define the sound transmission coefficient T, for the frequency w as
P3w

p]woo

T . =

w (E-11)

where p] ;o0 i8 the reference dimensionless acoustic pressure for the same source in an
infinite air at rest. We have

P]woo~-2%%cowa|m IR w/e (E-12)

where

o1 1%
) 1S g2 CCOSy

For a subsonic flow case we have
1 (1- M% )sinz«p cos28

5
=M
"=

1- Mg + Mg sian c0326 ais

oo

T

| - siny cos=f (E-13)

For convenience, let w = 2af, where f is the frequency. The transmission coefficient
takes the form

Tf =20 logyg | T:ﬂf | (E-14)

which gives a unit of decibels.
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3.0 NOTES ON EXPRESSIONS FOR a|, a3
AND STATIONARY PHASE WAVE NUMBERS

:
i | YW=k Up)
- a I enetm—m o —————————————

I "gn2  2¢ w

esam T

_iQy S | L
3 41',2 y(w - kX UO) (w- kX U2)2 A Sin(g’zD) +iB COS(§2D)

a

where

D =22-Z]

4¢3 c4 2
= = +
' 72 (w -k, U2)4 72(w-kx Uo)4

A

_ 2¢%¢2 8,
y2 (@ - ky Up)? (w -k, Uy)?

B

) sin v cos f _ Mo
e |(-M2 +MZ sinpcos?8)%  1-M2
A
K _w[ -] (l”Mg)Sinzwcosze ] sin y sin 8
ys T ¢ T T e M2 <inlo coilg '
CL1-Mg  1-M§ +M{ sin—pcos-f (l-sinzwcosze)/z
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APPENDIX F
SPATIAL AVERAGING FACTOR 1

C. H. Berman
The averaging factor I is defined as
w2 dog dx dy
qu ds2 (x + b)2 + y2 + h'_’
I= —
w? 4o
T2 49
UA .
typical
with the source located at x = —b, y = h, z = 0 relative to the trailing edge as shown in
figure 37 of volume I.
We will arbitrarily write
u?2 1
2 X
Ultypical 1+

and consider dog/d) which is actually a function of £=€(x) at fixed frequency, to be
nearly constant as a function of x. This is almost .true for the higher Strouhal number
(S) values shown in figures 41 and 42 of section 2.2.4.2 (vol. I), and our estimates will

involve cases which are either in or close to this regime. Direct integration then leads
to

2 20" 2,02\ 2
SN D e it

- ¢ ¢ ol 2 c\¢
I= n

£2+ 9-12 2 7"

I @] e

¢ ¢ C

For example, in the limitb = h = ¢

I=¢n [\/’ﬂ 1] = 0.881

forh =10

which has the value I = 1 when b = ¢ and a logarithmic singularity when b/c 0.




~ R

Ifb=20

which has the value

Lo V21 '
= \/2— W_l 1.25 ¥
i when h = ¢ and which becomes in the limit h/c=0
1=¢n T

»

Thus, scattering evaluations using I = 1.0 will be fairly good unless the source starts to
get close to the trailing edge where a logarithmic singularity occurs.
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APPENDIX G

SPECTRUM SHAPE FACTOR
FOR JET/EDGE INTERACTION NOISE

L. Filler

The normalized sound pressure level given by equation (82) of volumel is defined to
have a maximum at f/f,=1; i.e., f, is the frequency at which the spectrum peaks.
Therefore, '

r .

SN \

———= =0, atf/f =1
d(f/t,) o

Differentiating equation (82) (vol.I) gives,

alsaiy) [+ Farey)” (1+Fy [ — 0

—eee = —_—_————— + - =
d(t/fy) (1 + F)V(f/fo}/" d(t/f,y) [l . F‘( f:‘t‘oiv] 1

which is satisfied by,

F\M v A
(Tt) d [[l +F u‘/f0>7] }- [1 +F (1‘/t’0)7]v d[(l'/fo)“ ]= 0
Q

Carrying out the indicated differentiations yields, after a little algebra,

(Yv-w F(/f) -u=0

For the maximum to occur at f/f, = 1, the required condition is,
.M
F= -1
v (G

It is immediately seen that F is the ratio of the low frequency (f/f, << 1) to high

frequency (f/f,, >=> 1) falloff from the peak. From equation (82) (vol. I), the low frequency
limit is,

SCEE = T0dog 1+ F i ot W <1 (G-2)
9]
and the high frequency himit s
. oY by r r .
St f”) foo o g R ! —T—' 2> (G-3)

hence, w/(yr )18 the stated ratio
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APPENDIX H

RELATIVE VELOCITY SCALING
IN JET/EDGE INTERACTION NOISE

L. Filler

For simplicity, consider forward velocity effects for the nozzle on the wing case. From
the estimation equation, the relevant terms are

: o Vi
lOlog(Vj Vi )- 10}108{ ¢° 72

and two cases may be distinguished:

1.

If, L= L(.O it follows that L < LCO Vj/VR is always satisfied. In this case the abov:
terms can be written as,

4 ¢ Vi 5
lOlog(Vj VR) - 1010g<T —\-,—R 10 log Vi

which confirms the result of Bhat and Gallo-Rosso (ref. 49, vol. I) that for L < L.
the interaction noise is reduced with forward velocity and depends on relative
velocity to the fifth power.

If, L > L¢, Vi/VR there results

10 mg(vj VR4) +10 log<

which states that the interaction noise does not decrease as rapidly but depends on
the product of jet velocity squared and relative velocity cubed when the stretched
potential core length remains smaller than the shield length.

L

V.
o i}~ ,v2 v
T VR) 10 log V¥ Vi

GPO 907-%76
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